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s.herbario PRGrevorii Mendel. 


A RELIC OF THE FIRST DAYS OF GENETICS 
Frontispiece 
One of the type herbarium specimens prepared by Gregor Mendel of the pea 
plants used in his historic experiment, which were the basis of his hypothesis of 
“atomic heredity.” A complete set of the type specimens prepared by Mendel’s 
own hands is preserved at the Augustinian Monastery at Brno, Czechoslovakia, 
where his experiments were carried out. 
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FROM A GARDEN IN BRNO 


The Presentation to the University 


Specimen Prepared 


HEN Gregor Mendel was pre- 
\V paring a permanent herbarium 

record of his fundamental ex- 
periments in hybridizing garden peas 
(Pisum), he preserved duplicate speci- 
ments of six of his types. These du- 
plicates are the only exsiccatae which 
will be allowed to leave the Mendel 
Museum of the Augustinian Monastery 
at Brno, Czechoslovakia, for the Fath- 
ers have very wisely decided to keep a 
complete set of Mendel’s dried plants. 
Three of the duplicate specimens have 
already been given to educational and 
scientific institutions and the fourth has 
just been presented by the Fathers to 
the University of Pennsylvania. 

While on a tour of Europe last sum- 
mer, Professor Samuel Weiller Fern- 
berger, of the Department of Psychology 
at the University of Pennsylvania, vis- 
ited Brno and was introduced to the 
Fathers of the Augustinian Monastery 
by Eduard Urban, a resident of the 
city. The Fathers, learning of Pro- 
fessor Fernberger’s enthusiasm for their 
Mendel Collection and of the contribu- 
tion to our knowledge of chromosomes, 
the bearers of the Mendelian factors, 
made by Professor Clarence Erwin Mc- 
Clung of the Department of Zoology 
at the University of Pennsylvania, ex- 
pressed a desire to give one of their 
duplicate specimens to the University. 
They also requested Professor Fern- 
berger to represent them in the formal 
presentation of the gift at the Mid- 
Year Convocation on February 15, 
1936. 

President Thomas Sovereign Gates 
of the University introduced Professor 
Fernberger to the assembly as follows: 

As many of you who were present at the 
Mid-Year Convocation of the University of 
Pennsylvania last winter may recall, it was 


the rare good fortune of the University to 
receive at that time—through the generosity 


of Pennsylvania of an Herbarium 
by Gregor Mendel 


of our distinguished friend, Dr. A. Edward 
Newton—a copy of the first edition of 
Blackstone’s Commentaries on the Laws of 
England. 

In welcoming you today it is my privilege 
to announce that these annual exercises again 
will be marked by the presentation of an in- 
valuable addition to the archives of the Uni- 
versity—a relic which, I am sure, is of the 
utmost interest to the scientific world. The 
gift comes to us through the very good 
offices of Dr. Samuel W. Fernberger, a mem- 
ber of our own faculty, whom I have the 
honor to introduce to you now. 


Professor Fernberger’s presentation : 


President Gates, Members of the Faculty, 
Members of the Graduating Classes and 
Friends of the University: In my hand is a 
very homely and common object indeed. It 
is nothing more nor less than a dried and 
pressed specimen of the plant of a common 
garden pea. But this particular specimen is 
of surpassing interest. It was grown in the 
garden of the monastery of the Augustinian 
Order in Brno, Czechoslovakia, many years 
ago. And it was nurtured personally by the 
hands of one of the Fathers, a later abbot, 
whose name was Gregor Mendel. This 
specimen was one of the plants, grown in his 
experiments, which resulted in the formula- 
tion of the laws of inheritance to which his 
own name has been given as the so-called 
Mendelian Laws of Inheritance. This is one 
of only six specimens which will ever be 
allowed to leave the monastery in which 
these experiments were performed. 

Those of you, who have experience in the 
Biological Sciences will recognize the im- 
portance of this object. The work of Mendel 
was needed to give meaning regarding the 
mechanism of evolution as it was propounded 
by Darwin. This work of Mendel was the 
beginning of the new Science of Genetics 
which has already contributed much to human 
welfare and which will make increasingly 
great contributions in time to come. 

In the name of the Fathers of the Augus- 
tinian Monastery in Brno, Czechoslovakia, it 
gives me great pleasure to present this speci- 
men so intimately associated with the name 
and the scientific work of Mendel, to the 
University of Pennsylvania. 

The formal acceptance of the gift (by 
President Gates) : 


In accepting this specimen for permanent 
inclusion in the scientific collections of the 
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A MENDEL AUTOGRAPH 
Figure 1 
Receipt signed by Gregor Mendel in his capacity of abbot of the Augustinian Monas- 
tery at Brno. This document was executed in 1869, about three years after Mendel’s 
publication of his experiments with peas, which mark the beginning of the study of 


heredity as an exact science. 


University of Pennsylvania, I wish first to 
acknowledge freely the debt of gratitude 
which we at the University owe to its most 
generous donors in the Monastery at Brno. 

May I also add a word of thanks to you, 
Sir, and to your colleagues on the faculty 
whose continued interest and high accom- 


plishments in the field of research have en- 
abled this University to be considered a 
worthy custodian of such a rare scientific 
treasure. 

The specimen, mounted under glass 
on an herbarium sheet measuring five 
by ten inches, is approximately seven 


inches in length and contains both 
flowers and leaves, colored uniformly 
brown. As the entire plant is not in- 
cluded, it is impossible to derive its 
genetic formula for the only markings 
on the sheet are—Ex herbario P. 
Gregorit Mendel and the seal of the 
Monastery. Accompanying the plant is 
one of Mendel’s rare autographs, ap- 
pearing on a receipt for money paid to 
the Monastery while he was serving 
as abbot in 1869. 


Conway ZIRKLE. 
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“LAZY,” AN A-GEOTROPIC FORM OF 
MAIZE 


“Gravitational Indifference” Rather Than Structural Weakness Accounts 
for Prostrate Growth-Habit of This Form 


J. VAN OVERBEEK 


William G. Kerckhoff Laboratories of the Biological Sciences, 
California Institute of Technology, Pasadena, California 


HE heritable character in maize 
| which expresses itself in a pros- 
trate habit of growth has been 
named “lazy.” The lazy character has 
been described by Jenkins and Ger- 
hardt. In a rather detailed study they 
found that the dry matter in the culm 
develops much more slowly in lazy than 
in normal plants. This lower dry mat- 
ter content is reflected in thinner cell 
walls of the tissues. They explain the 
reaction of the lazy plant as being the 
result of the weakness of the culm due 
to the low content of structural mate- 
rials. The gene for lazy behaves as a 
simple Mendelian recessive (la). Ac- 
cording to Emerson, Beadle and Fraser? 
it is located in chromosome 4. Eyster? 
suggested that the stem of lazy corn is 
“diageotropic or even positively geo- 
tropic,” but does not present any data. 
If a plant is diageotropic it tends to 
grow horizontally and tends to resume 
horizontal growth after any change in 
position. If a plant is positively geo- 
tropic it tends to grow downward. An 
a-geotropic plant is gravitationally in- 
different, and makes no gravitational 
response. In order to determine the 
type of geotropism in the lazy plants 
the following experiments were per- 
formed. 
Experiments 


1. Seed of lazy corn was obtained 
from Dr. E. G. Anderson. These seeds 
were planted in wet sand in a dark 
room under controlled conditions. The 
temperature was 25° C. and the humid- 
ity 90%. After about five to six days 
the plants, which all appeared normal, 
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were put in a horizontal plane by turn- 
ing the container 90°. A few hours later 
all the plants had curved up, showing 
that in the dark young lazy plants are 
negatively geotropic as are normal seed- 
lings. 

2. Seeds of lazy and normal plants 
were planted in earth in flower pots in 
the greenhouse. The temperature of 
this greenhouse was approximately 25° 
C. but not constant. After 10 days the 
plants appeared like the plants of 
Figure 2A. All the plants grew ver- 
tically and the lazy plants could not 
be told from the normals. The pots 
containing these plants were tilted about 
45°, 90° and 180°. Twenty-four hours 
later the normals had curved up con- 
siderably (negatively geotropic) where- 
as the lazy plants had retained their 
position. The lazy plants kept this 
position for several weeks and con- 
tinued growing in the direction in which 
they were placed. The normals were 
curved up and growing vertically. Fig- 
ures 2 and 4 show this clearly. After 
the lazy plants get older and heavier 
they sag down as can be seen in Figure 
3A. This reaction is to be distinguished 
from geotropism, as a purely mechan- 
ical effect of gravity, distinct from the 
physiological growth reaction of geo- 
tropism. 

3. Plants that had grown upright 
for about six weeks in the greenhouse 
were bent down flat by spraying heavily 
with water. In about a week the nor- 
mal plants were curved up again, show- 
ing negative geotropism. The lazy 
plants, however, did not curve up but 
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“LAZY” PLANTS INDIFFERENT TO GRAVITY 
Figure 2 

The maize seedlings shown above represent two views of a mixed planting of normal and 
lazy seed. When the plants were ten days old the pots were laid on their sides, being tilted 
about 90 degrees. The upper photograph (4) was taken immediately after this was done. 
Four days later (B) the normal plants had responded by twisting their axes so that they con- 
tinued to grow vertically. The lazy plants showed no gravitational response, and continued to 
grow in the direction their axes took after the pots were tilted. 
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NORMAL AND LAZY PLANTS CONTRASTED 
Figure 3 

A—Two months after the pots had been tilted the contrast between the normal plants 
and the lazy plants is striking. The normal plants are all growing directly away from the 
gravitational pull of the earth (negative geotropism). The lazy plants have continued to 
grow in the direction in which they started, without regard to gravity, except that some of 
them to the right have sagged from their own weight while others are still growing at 
an angle to the ground. This demonstrates that the growth behavior of lazy is not due pri- 
marily to a structural weakness of the stalk. In the lower figure (B) the reaction of normal 
and lazy plants to being bent down is shown. The photograph was made a few weeks 
after all the plants had been sprayed until they were prostrate. The one normal plant 
has turned back to a vertical position, but all of the lazy plants are in approximately the 
same position in which the spraying left them. 


GROWTH IN INVERTED POT 
Figure 4 


Two normal plants and one lazy plant a 
month and a half after the pot had been 
inverted. The lazy plant had continued to 
grow in the direction it started, while the 
normal plants have turned through nearly 
180 degrees in order to grow upright. 
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kept the prostrate position. Figure 3B 
shows the results of this experiment. 

4. Ten day old plants were put on 
the horizontal axis of a clinostat. Every 
minute the axis turned 180°. If the 
plants had any autonomic direction of 
growth, independent of geotropism, 
it must show on the clinostat. The 
plants were revolved for about one 
month in the greenhouse but both the 
lazy and the normal plants grew straight 
(parallel to the axis). 


Conclusions 
The four experiments described above 
clearly demonstrate that the lazy 


plants are not at all geotropic, except 
for young seedlings. The growth of 
a lazy plant in the field therefore can 
be explained as follows. While the 
seedlings are still below the surface of 
the soil they are negatively geotropic 
and grow upright. As the plants grow 
older they keep on growing in this di- 
rection though the stem is not geo- 
tropic. If at this stage the stems are 
bent over for instance by a gust of 
wind they will not be able to regain 
their vertical position. Due to gravity 
they will sag further. This may be 
facilitated by the weaker tissues of the 
lazy, but the primary thing is the lack 
of negative geotropism. 

This simple procedure of tilting the 
pots in which the young seedlings are 
growing will easily enable one to sepa- 
rate the lazy from the normal plants. 
Thus the geneticists can study the link- 
age of lazy with sugary, glossy and 
other endosperm and seedling characters 
much more readily than it would be 
possible without this test. 
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THE LAURENCE-MOON-BIEDL SYN- 
DROME: A GENETIC STUDY 


MACKLIN 
Medical School, University of Western Ontario, London, Canada 


Mapce THURLOW 


by Laurence and Moon of the syn- 

drome which now bears their 
names (or which is sometimes called the 
Laurence-Biedl syndrome, inasmuch as 
Biedl reawakened interest in it) there 
have been numerous reports of patients 
affected with this disease. It has been 
regarded as hereditary in nature for two 
reasons: (1) that frequently several 
children in a family were affected, and 
(2) that cousin marriages were fre- 
quent. In the cases reviewed by Cock- 
ayne, there were 18 per cent cousin mar- 
riages if all instances in which a definite 
statement concerning consanguinity was 
not made were considered as unrelated, 
but cousin marriages constituted 43 per 
cent of those cases in which a definite 
statement was made as to the relation- 
ship between parents. This syndrome, 
in which mental retardation, obesity, 
hypogenitalism, retinal degeneration 
with pigmentation, and polydactyly are 
the cardinal symptoms, has further been 
interpreted as being dependent upon re- 
cessive factors, and upon one pair of 
such factors. The recent article by Cock- 
ayne and his co-workers points out a 
discrepancy in this interpretation by 
showing that the number of affected off- 
spring is too great for the disease to be 
due to a pair of recessive factors, situ- 
ated in allelomorphic chromosomes, and 
that there is an unexplainable preponder- 
ance of males affected. 


Sit the first description in 1866 


Is the Disease Due to a Recessive 
Factor? 


Before offering any other explanation of 
the mode of inheritance of the Laurence- 
Moon-Biedl syndrome, let us see how 
closely the theory that it is dependent 
upon a recessive factor fits the data. 
Utilizing the cases which I had already 
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collected from the literature, and those 
which were inaccessible to me, but which 
were reported in Cockayne’s article, I 
tested the idea that the disease is de- 
pendent upon a recessive factor unlinked 
with sex. The results are recorded in 
Tables I, II and III. The disease is 
one which is not recognizable at birth, 
depending upon the age factor for its 
full expression, although one of the evi- 
dences of the disease, namely super- 
numerary fingers and toes, is present at 
birth, and, in the families under con- 
sideration at least, appears not to occur 
except in those members who will later 
on develop the rest of the symptoms. 
Hence the data were analysed in two 
ways: (1) by listing all children who 
died in infancy in the total number of 
children, and those dying in infancy with 
polydactyly in the total of those affected ; 
and (2) by excluding from both lists all 
children dying in infancy. Neither of 
these methods is ideal, however, for if 
the death rate were selective in infancy, 
those with the disease dying in higher 
proportion than the normal, the second 
method would give too low a rate of 
affected ; and if the death rate were not 
selective, because of the tendency of the 
parents of large families to mention the 
polydactylic children who died and to 
fail to record the normal ones who suc- 
cumbed, the first method would give too 
high a rate of those affected. 

Reference to Tables I and II in which 
the two methods of dealing with the fam- 
ilies have been followed, shows that in 
both methods, the number of affected 
far exceeds the number expected. Thus 
in Table I, there are 53 families in which 
there are 112 affected children, whereas 
only 91.85 affected should have oc- 
curred. The average number of affected 
children in these families was 2.11 + 
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0.1; and the average number of affected 
children which should have occurred in 
these families was 1.72. The difference 
between the two values is 0.39, a figure 
almost four times the probable error. 
The difference may therefore be re- 
garded as not due to mere chance, but 
as a difference having statistical signifi- 
cance. 

In Table II, where the children dying 
in infancy were omitted from the total 
number of children as well as from the 
list of affected, we see that the same re- 
lation still holds. There are more af- 
fected children than there should be were 
the L.-M.-B. syndrome due to a single 
recessive gene substitution. The prob- 
able error was not calculated here, but 
would no doubt have been found to be 
much less than the observed difference 
between the two averages. 

A second way of testing the theory 
that the disease is due to a recessive 
factor was used. Hogben elaborated a 
formula by which one could test for the 
theoretical percentage of children affect- 
ed in families of different size, the ob- 
served percentage to be corrected by a 
certain value determined by the formula 
—a correction necessary because, as will 
be explained shortly, the actual percent- 
age of affected will, in large groups, al- 
most always exceed the expected value. 
In Table III, this formula was used. 
The expected percentage of affected off- 
spring arising from a mating of two un- 
affected parents (the conditions found 
in all the matings where offspring affect- 
ed with this disease occur) is 25. Hence 
when the percentages of “affected ob- 
served” are corrected according to the 
formula, they should be close to 25, if 
the theory that the disease is due to a 
recessive factor is correct. If the cor- 
rected percentage deviates too far from 
the theoretical 25 per cent, then the dis- 
ease in question is probably not due to a 
recessive factor. We see in Table III, 


that the average corrected value of p was 
28.5, instead of 25. Again, there are too 
many actually affected to fit the theory. 
Is the difference between 28.5 and 25 
significant, or is it merely accidental? 
The probable error for the corrected 
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value of p was determined, and found to 
be only about one half that of the differ- 
ence between 28.5 and 25. This fact, 
taken in conjunction with the data ob- 
tained from Tables I and II, confirms 
the idea that the Laurence-Moon-Biedl 
syndrome is, in all probability, not de- 
pendent upon a single recessive gene sub- 
stitution. 


Method of Obtaining Theoretical 
Values Used 


A word may be said here as to the 
methods employed in determining the 
number of affected children expected in 
families of different sizes, and when dif- 
ferent modes of inheritance are assumed 
to have taken place. The full explana- 
tion would involve too much space, but 
an idea of the accuracy of the method 
may be obtained. In the case of a re- 
cessive factor, which we will call R, be- 
ing responsible for a disease, the factor 
must be present in double quantity, RR, 
before the disease can be evident as such. 
Since the parents of the affected chil- 
dren in the families listed here were 
not themselves affected, yet produced 
affected children, they must have had 
the constitution DR, where the recessive 
factor was overshadowed by one for the 
normal condition, D. Now, when DR 
mates with DR, the possibilities in their 
children are DD, DR, DR, RR. Hence 
we expect one fourth of the offspring 
to be affected. 

That ratio might be approximated in a 
large number of families of four children 
or more, but is impossible in families of 
less than four. Since we cannot possibly 
tell what parents may produce an affect- 
ed child until they have produced one, 
there must of necessity be many fami- 
lies in which the disease could have oc- 
curred but in which it did not. Could 
we add the normal offspring of these 
families to those which occurred in the 
affected families, we would approximate 
the correct 25 per cent affected. Since 
we cannot do this, we get more affected 
offspring than we should. In one-child 
families, to be included in this list, there 
must be, of course, 100 per cent affected. 
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In two-child families, to be included in 
this list, there must be either 100 or 50 
per cent affected. By the application of 
the binomial theorem, we can determine 
accurately just what percentage of dis- 
eased children we should find in any list 
of affected families, according to the size 
of the family. The larger the families, 
the more closely does the observed per- 
centage approximate to the theoretical ; 
and vice versa, the smaller the families, 
the wider the divergence between the 
two values. By calculating the expected 
number of children in each sized family, 
we can ascertain whether the observed 
number is in excess, not only of the 
theoretical 25 per cent when all families, 
normal and affected, are considered, but 
also in excess of the greater percentage 
expected when only the affected families 
can be counted. In the tables of this 
paper the columns headed “affected ex- 
pected” are obtained by application of 
the binomial theorem to the data at hand. 


How Can the Excess of Males Affected 
With the L.-M.-B. Syndrome 
Be Explained? 


It will be remembered that Cockayne 
and his co-workers found that there was 
an excess of males affected with this 
disease, which fact also failed to agree 
with the idea that it was dependent upon 
a recessive factor, for in such a depen- 
dence the number of females and males 
affected should be equal, provided that 
both sexes occur with about the same 
frequency in the families. Cockayne 
estimated that the sexes were about 
equally distributed; the fact that many 
records do not give the sex of the normal 
offspring in the family does not allow a 
definite statement to be made on this 
score. But with respect to the sex of the 
affected, he found that approximately 60 
per cent were males, 40 per cent females ; 
a real preponderance of males. This at 
once suggests that the factor may be sex- 
linked and recessive, for this type of in- 
heritance allows for more males to be 
affected. The ratio of males to females 
affected may vary from 100 to 0 on the 
one hand to a 50:50 ratio on the other, 


depending upon (1) the ability of the 
affected male to live or to reproduce and 
(2) the frequency of the disease in the 
population. If the disease is one like 
hemophilia which kills off its victims in 
such large numbers that few affected 
males grow to maturity, then there will 
be found to be very few affected females. 
If the disease is one which is universal 
in the population, then both sexes will 
be affected equally, despite its sex-link- 
age. 

Although sex-linkage is suggested by 
the excess of males over females affect- 
ed, it is impossible for a sex-linked re- 
cessive factor alone to be responsible for 
the L.-M.-B. syndrome. In none of the 
families listed was either parent affected, 
and before a daughter can have a sex- 
linked recessive disease, it is necessary 
that the father have the disease also. 
Therefore this explanation is untenable. 


Multiple Factors Responsible 


There are, however, more complex 
arrangements of chromosomes which 
permit of both sexes being affected when 
neither parent has the disease, and which 
allow of more males than females being 
the victims. Two such arrangements of 
factors are tested out mathematically in 
Tables V to X. Both assume that there 
are two pairs of chromosomes involved 
in place of one pair, and that only when 
the necessary factors are present in both 
does the disease become evident, so that 
although either pair may be inherited 
independently of the other, the presence 
of both, with resultant interactions, is 
essential to the appearance of the syn- 
drome. Both arrangements call for a re- 
cessive gene substitution in the sex chro- 
mosome, thus allowing for the excess of 
males. One calls for an additional pair 
of dominant factors in the autosomes, the 
second an additional pair of recessive fac- 
tors in the autosomes. These two theo- 
ries will be referred to for the sake of 
brevity throughout the text by the letters 
DDRR and RRRR respectively. 

The first theory calls for affected fe- 
males of the constitution DDRR (the 
second pair of letters referring through- 
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out to the factors in the sex chromo- 
somes) or DRRR, while the affected 
males would be DDR or DRR, the males 
of course having but one active sex chro- 
mosome in place of the two possessed by 
the female. Normal females would be 
of seven types, (1) RRDD, wholly nor- 
mal and having none of the factors of 
the disease; (2 and 3) DDDD and 
DRDD, normal although they carry fac- 
tors for the disease in the autosomal 
group, but incapable of having affected 
children since both sex chromosomes 
were normal; and finally they could be 
(4 to 7) DDDR, DRDR, RRDR, 
RRRR, normal, but capable of produc- 
ing affected children if mated to an ap- 
propriate male. Males would be of six 
classes, the affected being DD Ror DRR; 
the normal males would be of two classes, 
those who could have sons only affected, 


DDD, DRD and RRD; and those who 
could have both sons and daughters 
affected, RRR. 

In Table IV are listed the 54 matings 
possible between these various males and 
females, and the possible offspring aris- 
ing from them. We must exclude those 
matings in which parents are affected, 
and those in which all children are nor- 
mal, and consider only those in which 
parents are normal, and children are af- 
fected. There are two such (11, 47) in 
which the children of both sexes are af- 
fected, and ten such (8, 10, 12, 20, 22, 26, 
28, 44, 46, 48) in which males only are 
affected. In the first two, one half of 
the sons and one half of the daughters 
are affected in one mating, and one quar- 
ter of each sex are affected in the other. 
In the ten matings in which males only 
are affected, six show half the males 


Table VIII. Femilies in ehich males only ere afiected. 

rt l. Only those femilies were used in which 
the totel number of males in the femily ses given in 
the record. All males dying in infency were omitted 
from the total of males in the family. 

t 2. Only those families were used in which 
the totel number of males in the family sas given in 
the record. All males dying in infancy were included, 
and those with polydactyly, dying in infency, were 
as affected. 

3. Thies section includes not only all the 
featiics c* Pert 1 of thie teble, but also those in 
which the sex of the siblings apart from the affected 
males wes not steted. All children dying in infency 
were omitted, and half of the siblings who remsined 
were considered to be males. The lest two columns show 
the number of children which would be affected were the 
Gisease dependent upon two factors, a recessive in the 
sex chromosome and « dominant in an eutosome (DORR) and 
also upon two factors, beth recessive, one in the sex 
chromosome and the other tn the eutosomes. 


affected males 
No. males Wo. of Totel Totel no. expected 
in femily femilies sales affected DORR 
i 3 = 2 3 3 
2 6 12 9 8.1 7.15 
3 12 8 6.93 $5.63 
4 i 4 3 2.15 1.64 
Totel 32 23 20.16 17.42 
average per familyaffected 1.64 +.135 
Part 2. 
1 i i i i i 
2 e 4.76 
3 ‘4 le 6.93 5.63 
4 2 e 4 4.3 3.26 
Totel 2 16 17.63 14.67 
average per family affected 1.62.16 1.6 1.35 
Part 3. 
2 10 20 is 13.53 11.92 
3 $ ae ao 8.67 7.03 
4 2 8 4 4.3 3.28 
i 2.58 1.68 
Totel 22 32 32 33.06 26.11 
averege per femily effectes 1.452.09 1.5 1.28 


Teble IX. For explanation of syabole see Teble 


The expected percentage of effected is the averege of the 5O 


end 25 per cent expected in matings 11 and 47, ‘based on the assuap- 
tion thet these two matings take plece with the rie 
Hence the expected value of p is 37.5 per cent, and q is 0 


The difference between the expected velue of p, 37.5, “and. the 


corrected value of p, 39+8, is 2.3, a ie @ little more than 
the = error whose velue is 


te for the first four akiens of this teble are those 


taken 1 Table Vv. 


i-¢ > corrected p 


i 1 1 i - 625 2.66 37.5 
2 ‘ 6 -390625 .609375 9.64 40.6 
3 3 7 -24414) 755659 11.9 56.6 
? 26 .647412 55 
6 as -095370 .904630 16-6 35.9 
6 as -059610 .940590 38.5 39.2 
? 2 -O37250 «968750 14-5 Ma 
6 3 +023290 .976710 24.6 0.7 
9 2 6 18 -014550 .965450 16.3 32.9 
10 2 8 20 -009095 .990905 20.2 39.6 
is i is -000667 .999153 15 26.6 


Average velue of p = 39.621.7 


Table X. For explanation of syabole see Table III. 


The expected percentage of affected is the average of the ten 


matings in which meles only aay be affected. See Text. Ite velue 


ie 48.75. Hence q te .5i25. 

The difference between the expected value of p, 46.75, and 
the corrected velue, 49.77, 1.02 which ie lees than the probable 
error whose value is 1.55. 

The date for the firet four columns of thie table ere teken 


from Section I] of Table VIII- 


i i i i -4675 2.05 46.75 

2 4 ° 8 - 2626 +7374 10.85 46.10 

‘4 8 - 8654 13.86 $7.70 

‘ 2 4 é - 0686 -9312 6.58 46.55 
average value of corrected p= 49.772 1.55 
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with the disease, one shows all the sons 
affected, two have one fourth the sons 
affected, and one has three eighths of 
the sons with the disease. If these mat- 
ings occurred with the same frequency, 
and the numbers of children in the dif- 
ferent families were about the same, 
then one can calculate the average per- 
centage of affected persons in two, 
three or » sized families. 

The matings according to the second 
explanation, RRRR, which permits of 
both sexes being affected while provid- 
ing for an excess of males with the dis- 
ease, are also listed in Table IV. The 
matings in which parents are normal and 
children affected are 27, 39, and 45 in 
which sons and daughters are affected ; 
and 28, 30, 40, 42, 46 and 48 in which 
males only are affected. In matings 27 
and 39, one fourth, and in mating 45, one 
eighth, of each sex is affected; while in 
the six matings with males only affected, 
there are three with one fourth, two with 
one half and one with one eighth of the 
males affected. 

Both the explanations offered above 
agree with the observed data in several 
points, and both disagree with them in 
one point. Both call for an excess of 
males, and this we find to be true. Both 
call for an even distribution of affected 
among the two sexes when there is the 
possibility that both may be affected. 
This is found to be approximately true. 
If all families in which femalés are af- 
fected be listed, we of course get the 
families in which both sexes may be af- 
fected. There are in the recorded lists 
of such families 37 males and 52 females, 
a great excess of females, when equality 
is expected. But we must remember 
that in these families, although both 
sexes may be affected, it may chance that 
only one sex is affected. We have in- 
cluded all such families in which girls 
only are affected, but have excluded all 
such families in which boys only were 
affected, lest they belong to the category 
in which the males only could be affect- 
ed. If, therefore, we revise the list, and 
omit all families except those in which 
boys and girls both were affected, we 
get a closer approximation to the truth. 


of Heredity 


In this case we find 37 males to 33 fe- 
males affected, a fairly close agreement 
with the expected 50:50 ratio. The most 
marked point of disagreement is that 
both explanations call for more families 
with males only affected than with both 
sexes affected. In the first explanation, 
DDRR, there should be five times the 
number of families with males only af- 
fected, and in the second explanation, 
RRRR, there should be twice as many 
families with males affected as there are 
with both sexes involved. We find, how- 
ever, that there are 33 families with males 
and females affected, and only 22 with 
males only affected. Some of the latter 
must be looked upon as really belonging 
to the first class, but as having only 
males affected, through chance; hence 
there is a real discrepancy between these 
theories and the observed facts. Just 
how serious this is, is hard to judge. It 
may be that the combinations of genes 
calling for the type of parents who pro- 
duce males only affected do not occur 
with as great frequency as the others. 


Analysis of Tables 


Analysis of the data in accord with 
these two theories will now be consid- 
ered. In Table V are listed all the fam- 
ilies in which both sexes or in which 
females only were affected. All the chil- 
dren dying in infancy were included, and 
those with polydactyly were listed as af- 
fected. The numbers of children affected 
according to the two theories proposed 
are listed in the last two columns under 
the appropriate headings. It will be 
noted that with two exceptions, the fig- 
ure under DDRR is closer to the ob- 
served figure than that under RRRR. 
The total of the DDRR column is suffi- 
ciently close to the observed total of 83 
to be within the limits of chance error. 
The column RRRR is far too low. The 
average number of children affected per 
family was computed, and the probable 
error calculated. The average number 
affected per family was 2.5+.112, which 
brings the figure practically to the aver- 
age 2.36 in column DDRR. Thus in 
this table, the possibility that the L.-M.- 
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B. syndrome is dependent upon the 
DDRR grouping is not contraindicated 
by the analysis. 

In Table VI, again all children in the 
family were counted, but those with 
polydactyly dying in infancy were ex- 
cluded from the lists of affected. Again 
the total of affected expected under 
DDRR is closer than that under RRRR 
which is too low. Again the average 
number affected per family agrees with- 
in the limits of the probable error. In 
Table VII all children dying in infancy 
were excluded, but the number of af- 
fected in both columns DDRR and 
RRRR are too low for the observed 
total. 

If this idea that the disease is depen- 
dent upon the combination DDRR is 
borne out by the families in which both 
sexes are affected, it should also be 
borne out in those families in which males 
only are affected. If the RRRR com- 
bination shows too low a figure of af- 
fected in the families in which both sexes 
are affected, it should also show too low 
a percentage of affected in the families 
in which males only are affected. This 
is true as seen in the three sections of 
Table VIII, in which the families with 
males only affected are listed. In each 
instance, the column headed DDRR is 
nearer to the observed values (total val- 
ues) than is the column RRRR. 

One more point may be observed in 
which support is lent to the idea that the 
disease is due to multiple factors, one 
dominant, the other sex-linked recessive. 
If one calculates the percentage of chil- 
dren affected which should occur under 
this hypothesis in families with both 
sexes affected, the theoretical value is 
37.5, just as the theoretical value for a 
single recessive factor, when both par- 
ents are heterozygous, is 25. The gen- 
eral percentage which should be affected 
in the group of ten families in which 
males only are affected is 48.7. Do the 
ratios of males to females and males af- 
fected as seen in Table VIII and Table 
V, agree with this? The percentage of 
children affected in Table V is 44.6. The 
percentage of males affected, when the 
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same method of family analysis is used 
as in Section II of Table VIII, is 62. 
The proportion, 44.6: 62 as 37.5 X 
yields a value of X equal to 52, in place 
of the 48.7 which one should expect, a 
fairly close agreement. Thus one finds 
males affected in correspondingly great- 
er percentages in families in which males 
only are affected, a correspondence called 
for by the theory. The proportions, when 
applied to the idea that both multiple 
factors are recessive, are not at all in 
agreement, for with that theory, the per- 
centages of children affected in the two 
groups of families are approximately the 
same. 

Because of the recessive nature of the 
factor in the sex chromosome, one would 
expect cousin marriages to be more fre- 
quent than in the general population, and 
that is, of course, what we found. 

In view of the close correlation be- 
tween the values observed and those 
called for by the theoretical considera- 
tions, it is suggested that the Laurence- 
Moon-Biedl syndrome is caused by a 
two gene substitution, one dominant in 
the autosomes, the other recessive and in 
the sex chromosome. If this is true, then 
in families in which this disease has oc- 
curred, the chances of its occurring 
again in subsequent offspring range all 
the way from one in eight in some cases, 
to one in one in others. The average 
ranges much higher than is the case with 
a single recessive gene substitution as in 
amaurotic idiocy, and approximates more 
nearly to that of a single dominant gene 
substitution. 

It is hoped that physicians in report- 
ing cases not only of this condition but 
of any inherited disease, will always in- 
clude the sex of the affected and of the 
normal offspring; the numbers of each 
sex affected, as well as the numbers of 
each sex normal. In this way, reports 
are of value for genetic analysis; other- 
wise they are virtually useless except in 
the simplest cases. It is just as essen- 
tial to know the number and sex of those 
not affected who are both living and 
dead as it is to know those facts about the 
affected offspring. 
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Summary 


The reported cases of the Laurence- 
Moon-Bied! syndrome are analysed with 
respect to their being due to a single 
recessive gene substitution, and are found 
to show too high a percentage of affect- 
ed, and too many males affected to be 
so interpreted. 

They are analysed with respect to 
their being dependent upon two gene 
substitutions, one a dominant in the au- 
tosomes, and one a sex-linked recessive. 
This allows for a greater number of 
males to be affected in proportion to fe- 
males ; for a percentage of affected high- 
er than is the case with a single reces- 
sive gene substitution; for males and 
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females to be equally affected in those 
families in which both sexes may be af- 
fected; and for a higher percentage of 
affected to occur in those families in 
which males only are affected than is 
expected in those families in which both 
sexes are diseased. These are in accord 
with the observed data. The calculated 
values are sufficiently close to the ob- 
served for the explanation to be the cor- 
rect one. It is therefore suggested that 
the Laurence-Moon-Biedl syndrome may 
be dependent upon two factors, both of 
which are necessary before the disease 
becomes evident, one of which is domi- 
nant and autosomal, and the other sex- 
linked recessive. 
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GREY-LETHAL, A NEW MUTATION IN THE 
HOUSE MOUSE 


Hans GRUNEBERG* 
Department of Zoology, University College, London 


GREY-LETHAL AND NORMAL LITTER MATES 
Figure 5 
When photographed these mice were 25 days old. The grey-lethal (B) 


died about 36 hours after the photograph was made. 
abnormalities in bone development, and their teeth do no erupt. 


The grey lethals show 
This inter- 


feres with their eating solid food, but their death is not due to starvation 
because when artificially fed their lives are not greatly prolonged. 


VERY lethal factor represents a 
E pathological condition in devel- 

opment, causing the death of its 
carrier. Where the dying animals can 
be observed, there are often morpho- 
logical anomalies which account easily 
for their fate. Such cases usually con- 
tribute but little to our knowledge of 
embryological processes ; e. g., the proc- 
ess of formation of the neural tube is a 
well established fact; the incomplete 
fusion of the neural plate found in 
Spina bifida thus tells little more than 
is already known. If no such morpho- 
logical characteristics are found, or if 
those detected do not explain the death 
of the animals, it may be safely assumed 
that an hereditary change has taken 
place in a physiological process hitherto 


unknown. Tackling such problems, 
though laborious, is tempting, since if 
positive results can be achieved at all, 
these may be of some interest from the 
standpoint of general biology. A new 
case in the house mouse offering a good 
many such puzzles is briefly described 
here. A more extensive report has re- 
cently appeared elsewhere.* 

The new factor, which is an auto- 
somal recessive not linked with albinisin 
and agouti, was originally found as a 
color mutation. Animals which are 
homozygous for this factor, and which 
carry the wild-type allelomorphs for all 
the other color factors, have a pure grey 
fur without a trace of yellow in it 
(Figure 5). If in addition extreme 
dilution (c?) or non-agouti (@) is pres- 


* The author is indebted to Prof. J. B. S. Haldane, F.R.S.; Prof. D. M. S. 


Watson, 


F.R.S.; Prof. W. E. Le Gros Clark, F.R.S.; and to Mr. J. T. Carter for several valuable 


suggestions. 


He has also to thank for assistance in various directions Miss E. A. Milsom, 


Miss J. Townend, Mr. S. R. Scarfe, Mr. J. R. Thomas, and Mr. F. Melville of this Col- 
lege, and Mr. C. H. Osterstock of the John Innes Horticultural Institution (Merton). 
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Figure 6 
Transverse sections (enlarged 49 times) of decalcified lower first molars of a normal 


(A) and a grey-lethal (B). 
little organic matter. 


The enamel is lost in these preparations since it contains very 
It is represented by a white area (E) which in the non-erupted tooth 


of the grey-lethal has a closed outline while in the erupted tooth of the normal this outline is 


only noticeable near the neck of the tooth. 


The dentine is laid down by a layer of special cells 


(odontoblasts, O). In the normal course of events it calcifies quickly and then stains darkly 


with haematoxylin (CD). 
down of dentine. 


blasts and calcified dentine, and the roots do not calcify at all. 
is little uncalcified dentine and calcification extends down to the root tips. 


In the grey-lethal, calcification does not keep pace with the laying 
A wide layer of uncalcified dentine, (UD) is therefore seen between odonto- 


In normal development, there 
P = tooth pulp. 


ent, the coat color is not noticeably 
altered by the new gene. 

The life history of the animals is 
this: There is no increased prenatal 
mortality since a close approximation 
to a 3:1 ratio (577:180) is found in the 
experiments. The animals are, how- 
ever, already slightly lighter at birth 
than their normal litter mates, although 
there is some overlapping in the birth 
weights. typical growth curve 
(weights taken at 24 hour intervals) is 
shown in Figure 9. The rate of in- 
crease of weight slows down during 
the second week and then growth stops 
altogether. Eventually the animals start 
losing weight, and normally die be- 
tween the 22nd and the 30th day of 
their lives. Shortly after they have 


opened their eyes (often slightly later 
than their normal litter mates), some 
non-purulent discharge from the eyes 
makes the eye-lids stick together. The 
snout is much shorter and blunter than 
in normals. In later stages of their life 
the animals develop a peculiar mode of 
walking, in which the limbs are fairly 
stiffly stretched, causing the belly of the 
beast to be far above the floor of the 
cage; the effect is as though they were 
walking on stilts. Gradually the ani- 
mals grow weaker and weaker till they 
reach a comatose condition and die. 
The time at which the grey-lethals, 
as we may call them, start losing weight, 
coincides with the time at which the 
mother weans the normal young. She 
goes on, however, suckling the grey- 
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B 
TOOTH DEVELOPMENT OF GREY- 
LETHALS 
Figure 7 


X-ray photographs (enlarged 2.5 times) of 
halved heads of grey-lethal (8) and of a nor- 
mal litter mate (4), 11 days old. The teeth 
of the grey-lethal do not extend through the 
gums. 


lethals. The fact that the continuation 
of the life of the abnormal young de- 
pends on the presence of the mother is 
easily shown. When the mother is 
removed from the litter at normal 
weaning age (20th-21st day after birth), 
the grey-lethals lose weight rapidly and 
die very quickly. 


Death Not Due to Starvation 


The observation that the grey-lethals 
never try to nibble solid food or the 
wooden walls of their cages led to the 
discovery that they have no teeth, or at 
least none that have erupted through 
the gums. This suggested a mechanical 
explanation for the death of the grey- 
lethals. If the mother is left with the 
litter the grey-lethals die as soon as the 
mother’s lactation stops, and one or two 
grey-lethals alone are unable to keep 
lactation going indefinitely. If the 
mother is taken from the litter at nor- 
mal weaning age the grey-lethals die 
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BONE DEVELOP- 
MENT 


Figure 8 


Right radius of grey- 
lethal (B) and a nor- 
mal litter mate (4) 
28 days old. Note re- 
duced size of grey- 
lethal bone and clumsy 
shape of distal end. 
The “growing end” of 
other grey-lethal bones 
show similar abnor- 
malities in shape. 


soon from complete starvation, since 
with their soft mouths they are unable 
to manage the solid standard food used 
in our laboratory. 

The assumption that the death of the 
lethals is due merely to starvation is 
open to experimental proof. If there 
is only a mechanical difficulty in feed- 
ing, a finely divided or liquid food 
should solve the problem. Experiments 
of this kind were done. A liquid food 
which proved wholly adequate for nor- 
mal young was used. This made the 
animals independent of the mother and 
some have been kept up to 17 days 
after weaning. While without liquid 
food no grey-lethal has ever survived 
the 30th day, the age of 42 days has 
once been reached with liquid food. 
But although the life time of the grey- 
lethals can regularly be prolonged with 
liquid food the general type of their 
growth curve remains unchanged; they 
do not gain weight, and eventually die 
showing the same symptoms. This 
proves that the lack of cut teeth is not 
the cause of their death, but only a 
symptom accompanying it. This was 
not surprising since already the birth 
weight of the grey-lethals showed signs 
of their abnormal constitution. The 
cause of their death is therefore still 
an open question. 


' 
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The investigation of skeleton and 
teeth of the grey-lethals reveals a com- 
plex of symptoms which has no parallel 
in human pathology. Only a short 
summary may be given here; a more 
detailed description and more figures 
are to be found elsewhere.? 

The teeth are found lying in their 
sockets (Figure 6) and are completely 
covered by the gums. The crowns of 
the molars are of more or less abnormal 
shape, particularly the lower first molars 
which are more compressed laterally. 
Their roots are uncalcified and there- 
fore soft and flexible. The roots in the 


5 10 15 20 2s 
GROWTH CURVES OF NORMAL AND 
GREY-LETHAL MICE 
Figure 9 

Individual growth curve of a grey-lethal 
(solid line) and compound growth curve of 
its six normal litter mates (dotted line). 
In this case the mother weaned the entire 
litter, including the grey lethal, on the 23rd 
day. Usually she weans the normal young 
only, but allows the grey-lethal to go on 
sucking; in such litters the final decline of 
the grey-lethal growth curve is much 
slower. Note, however, that the decline in 
weight of the grey mouse began before 
weaning. The lethal effect of this gene is 
evidently due to some basic disturbance of 
normal phsiological processes. 
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ABNORMAL BONE DEVELOPMENT 
Figure 10 

Longitudinal sections through the tibia of a 
grey-lethal (8) and a normal litter mate (4) 
23 days old. Bone is represented in black and 
cartilage is dotted. During the normal de- 
velopment of a long bone, spicules are laid 
down in the neighborhood of the growth zone, 
but become largely re-absorbed in later stages. 
This secondary absorption fails to act in the 
grey-lethals, leading to a persistence of all the 
spongiosa that has been laid down in develop- 
ment. Note, too, the poor development of the 
periosteal bone in the grey-lethal. 


mandible are growing against a very 
dense bone and therefore get complexly 
bent and wrinkled (Figure 6). In the 
upper jaw the molar roots have a ten- 
dency to leave the maxilla dorsally 
through the nerve foramina. The shape 
and size is much more abnormal in the 
incisors ; this is well shown in the X-ray 
photograph (Figure 7). <A_ peculiar 
situation is regularly caused in the 
lower incisor by its permanent growth 
tendency. The mandible is too small 
for it, or rather the resistance of the 
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bone is too great for the soft tooth, so 
the back end finds a way out of the 
bone through the mental foramen. The 
foramen gets enormously enlarged and 
contains a protruding bulge of tissue 
formed from the back end of the in- 
cisor. This node of tissue contains 
irregularly shaped sheets of dentine and 
enamel. Histologically one finds in 
the teeth little if any anomaly in the 
enamel. The dentine, however, shows 
a very wide layer of uncalcified matter 
(Figure 6). Since calcification of den- 
tine stops, while formation of dentine 
continues, the roots remain uncalcified. 

All the long limb bones show a very 
characteristic anomaly. Figure 8 shows 
the right radius of a grey-lethal and a 
normal litter mate. All these grey-lethal 
bones have a very clumsy shape obscur- 
ing the characteristic form of the nor- 
mal bone. This anomaly is always 
particularly pronounced at the “grow- 
ing ends” of the bone, that is to say, 
proximally in humerus and tibia, dis- 
tally in femur and radius. The situation 
is to be explained by the absence of the 
secondary remodelling bone absorption 
which normally takes place at its sur- 
face and is responsible for the mainte- 
nance of its characteristic shape during 
growth. With the failure of this proc- 
ess the grey-lethal bone shape is bound 
to develop. For a better understand- 
ing of this situation one may refer to 
the most valuable investigations which 
J. C. Brash’ performed in the pig by 
means of madder feeding. 

Besides this lack of secondary model- 
ling of bone, a general arrest of devel- 
opment leading to shortening of the 
bones is found. 
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Histologically we find that all the 
spongiosa once formed persists perma- 
nently (Figure 10), while in normal 
bone development most of the spicules 
primarily formed are later destroyed 
again. On the other hand, the perios- 
teal bone is poorly developed. The cal- 
cification of the bone is incomplete, 
wide layers of uncalcified bone cover- 
ing many of the spongiosa spicules. The 
persistence of the whole spongiosa is 
in complete agreement with the lack of 
secondary absorption already so obvious 
on mere inspection of the bones, while 
the uncalcified layers on the spongiosa 
spicules correspond to those found in 
the dentine of the teeth. 

The skull and mandible shape shows 
many further anomalies which are part- 
ly to be explained in just the same 
way as those found in the limb bones. 
In addition, the shortening of the snout 
is obviously due to the fact that the 
upper incisor does not act as an ade- 
quate growth stimulus as it does in the 
normal mouse. 

There is thus a great variety of 
anomalies all caused by one single Men- 
delian unit. Some of them are ob- 
viously rather indirectly caused by it, 
although they are very regularly found 
in all the affected animals. To use a 
comparison, if we turn a handle on a 
complicated machine a variety of re- 
sults may follow. What actually hap- 
pens is determined by the construction 
of that machine, by the interaction of 
wheels, bars, joints, etc. We are try- 
ing to learn more about the mouse 
machinery and about the handle which 
was turned by the grey-lethal gene. 
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FACTOR INTERACTION IN CITRULLUS 


Seed-Coat Color, Fruit Shape and Markings Show Evidence of Mendelian 


Inheritance in Watermelon Crosses 


J]. W. McKay 
University of California, Berkeley, California 


HERE are three fairly well- 
marked subspecies in Citrullus vul- 
garis Schrad., as follows: (1) the 
watermelon, of which there are nu- 
merous horticultural forms; (2) the 
preserving citron; and (3) the stock 
or forage melon. The last-named sub- 
species resembles the preserving citron 
in the tough, hard flesh of the fruit, but 
differs from it in size and shape of 
fruit. The stock melon has a large 
oblong fruit closely resembling many 
forms of the watermelon, and frequently 
is mistaken for the edible variety until 
closer inspection reveals its tough rind. 
The preserving citron is round and 
much smaller than the stock melon. 
These three distinct subspecific entities 
will be referred to below as subspecies 
as distinguished from the minor vari- 
eties recognized within each subspecies. 
In each of these subspecies numerous 
variations in the color and pattern of 
the seed-coat are found, ranging from 
the solid color of red, green, tan, black, 
and brown to innumerable types of mot- 
tling and dilute colors. The stock 
melon is perhaps less variable in this 
respect than the other two subspecies, 
and as a rule has seeds of a solid 
green color without markings. All 
three subspecies hybridize freely, and 
intermediate forms are frequently seen 
where the three grow adjacent to one 
another in the field. 

In 1926, while a student at the Uni- 
versity of Texas, the writer began a 
series of breeding experiments in an 
effort to discover the method of in- 
heritance of certain of the seed-coat 
characters found in the preserving cit- 
ron and the stock melon. The collec- 
tions of seeds were made from isolated 
populations in Nature wherever pos- 


sible in the hope that homozygous 
strains would be found that could be 
used immediately for the crosses. In 
the first two years many cross-pollina- 
tions were made between forms of 
the two subspecies involving a large 
number of differences in the color and 
pattern of the seed-coat. When the F2 
populations from these crosses were ex- 
amined it became evident that the ma- 
terial was too heterozygous for geneti- 
cal analysis, and that further inbreed- 
ing and purification of stocks would be 
necessary before making the crosses. 
The following account deals with some 
of the results obtained after growing 
the material for a number of years and 
establishing homozygous races. 
Apparently the only report in the 
literature dealing with the inheritance 
of seed-coat characters in this species 
is by Kanda? in 1931. He used a great 
many types of seed-coat characters in 
all three subspecies, but emphasis was 
placed on colors and types of mottling 
of seeds in the watermelon. Complex 
genotypes were derived for eleven of 
the watermelon varieties studied, but 
no conclusion was reached as to the 
genetical behavior of the three colors 
dealt with in this paper. However, 
they were designated as ground colors, 
and described as “yellowish white,” 
“reddish orange” and “yellowish green.” 


Inheritance of Seed-Coat Coloring 


In the preserving citron and the 
stock melon self-pollinations in lines in- 
volving several seed-coat colors have 
been made since 1926, with the excep- 
tion of one year, 1928. Many of these 
lines segregated into two seed-coat 
color types during the first three or 
four generations, but several have re- 
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mained constant during the last four 
generations of inbreeding. One of these 
lines designated as “tan” segregated in 
the second generation into two colors, 
tan and red, in the proportion 3 tan: 
1 red. A sister plant to the one giving 
the above segregation, however, pro- 
duced in the Fs 78 individuals all of 
which were tan, and from this line no 
other seed-coat color has appeared. 
The other two lines of seed-coat color 
involved in this study, namely “red” 
and “green,” have bred true since 1926 
and are considered to be homozygous 
for these characters. 


In 1930 two crosses were made in- 
volving the three seed-coat colors as 
follows: 

round citron tan 9 round citron red ¢ 


round citron red 2 X oblong stock melon 
green ¢ 


The two red-seeded individuals used 
in the crosses were from the same in- 
bred line. The F, and Fz results are 
given in Table I. Although the num- 
ber of plants in the F, in each case is 
small, the color of seed-coat is uni- 
formly that of one of the parents, indi- 
cating that dominance is complete. 
Since both tan and green are dominant 
over red in the F,, this suggests the 
interaction of two factors as in the 
case of comb shape in fowls first re- 
ported by Bateson and Punnett.2 In 
this classical example of Mendelian in- 
heritance the F, from rose X single is 
rose, and the Fs from this cross gives 
3 rose: 1 single. The same is true of 
pea comb vs. single comb, but when pea 
is crossed with rose the F, is walnut, 
an entirely new comb type which upon 
selfing produces in the Fz. 9 walnut: 
3 rose: 3 pea: 1 single. The charac- 
ters dealt with in this paper, i.e., tan, 
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green and red seed-coat colors may be 
compared to rose, pea and single combs 
in fowls. Thus, the crosses tan with 
red, and green with red give monohy- 
brid ratios in the Fs due to the fact 
that the F, plants in each case are 
heterozygous for only one pair of fac- 
tors. Consequently, on the basis of 
ratios presented in Table I the geno- 
types of the three seed-coat colors are 
proposed as follows: 


tan ._... TTgg 
green - . ttGG 
. ttgg 


Unfortunately the cross tan with 
green was not made, and the seed-coat 
color of plants containing both domi- 
nant factors is not known. Until this 
combination is made and a 9:3:3:1 
ratio obtained, it will not be possible 
to say with certainty that this explana- 
tion is correct. The results strongly 
indicate, however, that tan and green 
are characters which are determined by 
two independent factors, and that the 
recessive allelomorphs of both condi- 
tion a red seed-coat color. 


Other Mendelizing Characters 


Other indications of Mendelian in- 
heritance were observed in the prog- 
enies of these plants during the seven 
years of breeding work. As mentioned 
above, in the second inbred generation 
of another tan line one population gave 
a monohybrid ratio of 3 tan: 1 red, 
indicating that the parent plant of this 
population was heterozygous for the 
T factor. “Oblong” and “round” 
fruit shape in this same line seem to 
depend upon a single factor difference, 
but the count was too small to show 
this clearly. A third character which 
has shown definite evidence of Men- 


TABLE I—F, Data from two crosses involving three major seed-coat colors in Citrullus vulgaris. 


Cross F; F, 
Population Observed Expected 
tan 9 X red ¢ 13 tan 1 93 tan: 87.75: 
24 red 29.25 
2 92 tan: 87.00: 
24 red 29.00 
red 2 X green ¢ 5 green 1 78 green: 78.75: 


27 red 26.25 


‘ 
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delian inheritance is that of markings 
on the fruit. In one of the selfed lines 
a 3:1 ratio was observed in the case of 
“green-stripe” vs. “white-stripe,” the 
number of individuals in each class ap- 
proaching closely the expected number. 
Further crosses are being made to de- 
termine more accurately the method of 
inheritance of these and other charac- 
ters in this species. 


Summary 


In crossing tan and green seed-coat 
colors with red, monohybrid ratios are 
obtained in the Fy. in each case, red be- 
having as a recessive. It is suggested 
that tan and green are seed-coat colors 
which are determined by two indepen- 
dent factors both dominant over red in 
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the F;, the latter color being an ex- 
pression of the double recessive con- 
dition. The color of seed-coat when 
both dominant factors are combined has 
not been determined, but the cross is 
being made in order to demonstrate 
fully the method of inheritance of these 
characters. The writer wishes to ac- 
knowledge with grateful appreciation 
the helpful criticism of Professor E. B. 
Babcock through the later stages of 
the work. 
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Cancer Cells and Growth 


Cancer may be regarded in two ways. It 
may be the expression of a power for un- 
limited proliferation which develops in a 
tissue at a certain age; i. e., after the cells 
which compose it have gone through a certain 
number of mitoses. As this power is part 
and parcel of the very nature of the cell, it 
would seem that the cell was destined from 
the beginning to manifest this tendency when 
it had reached a certain stage of its genetic 
life history. As Lorrain Smith puts it: 
“Cancer cells do not fall into the procession. 
They fall out. They do not keep step; the 
procession is moving slowly and they move 
fast.” When identical twins develop at the 
same age in the same organ the same variety 
of malignant growth, as not infrequently hap- 
pens, it would appear that the tendency to- 
ward malignancy formed part of the warp and 
woof of these cells. 

On the other hand, a malignant condition 
can be imposed on cells from without by a 
number of agents known as carcinogenic, of 
which the most used in experimental work 
are coal tar and 1-2-5-6 dibenzanthracene. By 
means of external stimuli one can speed up 
the growth and division of cells whether in 
tissue culture or in the animal body. Of the 
exact mechanism by which this is accom- 
plished, nothing is known, nor may it ever 
be known. It is extremely likely that the 
mechanism varies with different stimulating 
agents. Filtrable viruses, for instance, which 
have such a remarkable power to make epi- 
thelial cells multiply, penetrate directly into 
the interior of the cell. As a resu't of stimu- 
lation of the cells by such viruses definite be- 
nign papillomas may be formed, and the sus- 


picion, long harbored in secret, is now being 
openly expressed that viruses may be respon- 
sible for true malignant tumors. McIntosh 
has shown that sarcomas mav be produced in 
birds by tar injections, the same agent, it may 
be noted, that produces mammalian cancer, 
and that the majority of these tumors are 
transmissible by cell-free filtrates, strongly 
suggesting the presence of a filtrable virus. It 
is evident that, though the tar plays the chief 
part in the induction of these tumors, it can- 
not be directly responsible for the subsequent 
malignant growths, as transmission to other 
animals is by means of a cell-free filtrate. 
The carcinogenic agent seems to play the 
role of a trigger mechanism, the subsequent 
stimulus being perhaps provided by a filtrable 
virus. 

There is no reason why the two views of 
malignant neoplasia that have just been out- 
lined should be mutually exclusive. It is rea- 
sonable to suppose that, if the innate ten- 
dency to neoplastic development is inherent in 
the cell, an extrinsic agency capable of speed- 
ing up the rate of cell division will bring the 
cell to that stage in its life cycle when this 
tendency is most likely to express itself. 
Champlin records the case of identical twins, 
one of whom died of a malignant tumor of 
the right testicle at the age of 31; the other 
was struck by a board on the right testicle at 
the age of 26 and shortly afterward a malig- 
nant tumor of that organ developed. In such 
an instance it would appear that the tempo 
of the process had been suddenly accelerated 
by an extrinsic factor—Boyp, M.D., 

R.C.S. Growth, Normal and Abnormal, 
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THE SILVER GRAY COLOR IN 
INDIAN CATTLE* 


Due to White-tipped Hairs, Similar to Banded Hairs of Rodents 


ALBERT O. 
Escola Superior de Agricultura e Veterinaria, Minas Gerais, Brazil 


N outstanding feature of the coat 
A colors of Indian and Indian cross- 
bred cattle in Brazil is the prev- 
alence of grays and yellows. Solid 
colored individuals are rarely encoun- 
tered. The writer has been interested 
in studying the gray pattern and its 
mode of inheritance as a preliminary to 
a study of coat colors of Indian-Euro- 
pean crosses. With this in view, nu- 
merous observations have been made on 
Indian cattle as well as on those Indian- 
European crosses in which the genetic 
constitution of the European parent is 
known. 

Observations have been made on 
Guzarat, Nellore, and Gir purebred and 
crossbred animals. These are Indian 
breeds most commonly found in Brazil. 
As the Gir has a color pattern entirely 
different from the other two breeds, ob- 
servations on it are not included in this 
study. 


The Indian Color Pattern 


Guzarat and Nellore cattle are classi- 
fied with regard to coat color as gray 
(iron, steel, or silver) and as white. Oc- 
casionally a dark, almost an EF black, ap- 
pears in either breed. The skin as well 
as the horns, hoofs, muzzle, tongue, and 
“white” of the eye invariably contain 
dark pigment. In both breeds in- 
guinal white (/n) is common, while oc- 
casionally individuals are found with a 
star and/or a white spot on the flank. 
Rarely in purebreds does the spotting 
extend to other parts of the body (Fig- 
ure 11). From the standpoint of skin 
color these breeds may be considered as 
selfs (S). 


Gray describes the coat color quite 
well, for it has neither the full intensity 
found in the white Shorthorn nor the 
intense black as represented in the Aber- 
deen-Angus and _ Holstein Friesian 
breeds. In the pigment of skin, horns, 
tongue, and “‘white” of eye no great dif- 
ference was found in the intensity from 
the black of Angus and Jersey cattle. 
Practically all shades of gray are found 
in the Guzarat and Nellore breeds. The 
darker tones, however, are more often 
encountered in the Guzarat and the light- 
er tones in the Nellore breed. Figure 11 
represents the type of coat pattern 
characteristics of the Indian breeds of 
this study. 


Silver Gray in Cattle 


The silver gray coat pattern has been 
described in rodents*:* and foxes as due 
to the presence of either white, white 
tipped, or banded hairs distributed in a 
background of dark pigmented hair. In 
cattle, totally white hairs interspersed in 
a field of totally pigmented red or black 
hairs is known as the roan pattern, and 
its inheritance has been studied by sev- 
eral investigators. The existence of the 
tipped condition of hair in European cat- 
tle has, however, been suggested by 
Wright 

Dun cattle, it is true, appear to differ from 
blacks not only by the dilution of color but by 
the increase in yellow, but even blacks often 
show a red rustiness at the tip of the hair which 
suggests that they have been selected from a 
type with a pattern comparable to the agouti 
of rodents. 

The present paper demonstrates that 
the tipped condition of hair described 
above is responsible for the gray effect 


* The author is indebted to Professor H. L. Ibsen for his laboratory examination of hair 


types. He found the tips to be pure white. 
suggestions in regard to the text. 


He is also indebted to Professor S. Wright for 


+ Now with the Instituto de Pesquisas Agronomicas, Recife, Pernambuco, Brazil. 
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COLOR PATTERNS IN ZEBU CATTLE 
Figure 11 

Three breeds of Indian cattle are economically important in Brazil. Two of these, the 
Guzarat (A-C) and the Nellore (D-F) are alike in their color patterns, which are predomi- 
nantly gray and yellow. The pattern discussed in this article is described as silver-gray. It is 
due to a hair with a pigmented base and a white tip (See Figure 14). A is the Guzarat cow, 
Zelandia, dam of Zeida (Figure 12B). She is phenotypically a self, and genotypically pure for 
the self gene, S. The skin and base of the hair over her entire body is darkly pigmented, but 
her light color is due to the fact that the tips of the hairs entirely lack pigment. The bull 
(B) is also self-colored, and the “belt” is due to the occurrence of white tipped hairs, but with 
these hairs confined to the central part of the body. The base of the hairs in this belted region 
are as dark as the rest of the coat. A still further reduction of the tipped area is shown in the 
young bull (C) in whom tipping is limited to the lower part of the body and to the legs. (D) 
shows a young purebred Nellore bull showing the characteristic silver-gray pattern. This bull 
also carries a spotting factor, and has a star of entirely white hair on the forehead and a solid 
white spot on the flank. These can scarcely be seen in the picture. The darker gray tones of 
the flanks of the bull shown at E is due to the reduction in the length of the white tip of the 
hair. Note also the dark skin showing through on the brand on the hind leg. F shows a pure- 
bred bull of this breed without the tipping factor but with a white spotted pattern. 
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in Guzarat and Nellore cattle. Figure 14 
illustrates hair types taken from various 
regions of the cow Zelandia (Figure 
11, 4). The width of the non-pigmented 
tip in individuals of her shade of gray 
is half or more than half the length of 
hair. In lighter types the tip extends 
farther towards the base, while in the 
darker types the white tip is shorter, 
making it comparable to the variation 
reported by Sawin* in wide-banded 
agouti rabbits : 

Selection in the opposite direction in the 
wide band condition has resulted in animals in 
which the pigment has been so greatly reduced 
as to remain only on the tip of the hair and on 
a narrow basal margin next to the skin. Such 
animals appear very nearly white. 

Although in Indian cattle the hair is 
tipped and not banded the two conditions 
are comparable in the effect they pro- 
duce. In the so-called white Zebu, a type 
rare in purebred Guzarat but more often 
found in the Nellore breed, the skin re- 
tains the dark pigment while the pig- 
mented basal margin disappears alto- 
gether. But even in these individuals 
the hair on shanks, pasterns and switch 
retains the pigmented base, which may 
extend far enough toward the tip to be- 
come visible in the coat pattern. In the 
switch the width of the tip is gradually 
lessened until it disappears completely, 
producing the characteristic black brush. 
(Figure 14, C-D.) 

Basing his conclusion partly upon 
studies of similar conditions in other 
mammals the writer postulates that the 
tipped condition in cattle is likewise in- 
fluenced by plus and minus modifiers 
which not only act as extension modifiers 
but also determine the width of the tip. 
From this hypothesis the difference in 
the shades of gray is due to a difference 


HOLSTEIN-ZEBU HYBRIDS 
Figure 12 

A roan-like variant of the tipping pattern is 
shown in the grade Guzarat steer at A. B and 
C are F, Guzarat & Holstein hybrids, progeny 
of the cow shown in Figure 114 and the pure- 
bred Holstein bull (D) Ingateston King 
Albert. This demonstrates the dominance of 
the self pattern inherited from the Guzarat 
mother and the recessiveness of the tipping 
factor, which is entirely absent in these calves. 
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Rhoad: Silver-Gray Cattle 


TIPPED HAIR TYPES FROM INDIAN CATTLE 
Figure 14 
Hair (2 X) taken from various parts of the cow Zelandia (Figure 114). A is from the 


forehead, B is from the body and D and C from the upper part of the switch. C 


shows hairs 


with a trace of the white tip, and D taken from a little farther down, shows solidly pigmented 


hair. 


in width of the non-pigmented tip: the 
wider the tip becomes the lighter the coat 
will be until so-called white is reached. 
This is confirmed by studies made on the 
animals observed by the author. 

In like manner the blending of one 
shade into another, as is characteristic 
of the Zebu coat (Figure 11), has been 
observed to be due to the progressive 
widening of the non-pigmented tip from 
the darker to the lighter areas. 

Upon close examination of the white 
spots that occasionally are seen in the 
Guzarat and Nellore breeds, the writer 
found the area of skin corresponding to 
the spot to be non-pigmented, as in Hol- 
stein cattle. In no case were there ob- 
served white tipped hairs with pigment- 
ed basal margin over non-pigmented 
areas of skin. The tipped condition may 
exist, but it is not evident in non-pig- 
mented skin areas, as the base and tip are 
equally non-pigmented. This observa- 


tion lends weight to the hypothesis that 
the factor which causes the production 
of pigment in the skin also causes it to 
form in the hairs and other parts of the 
epidermis. 


E is a sample taken from the “roan” steer shown in Figure 124. Note that in this case 
the white tip is shorter than in cattle showing a solid gray pattern. 


Calves may be born light colored, but 
with the shedding of successive coats the 
width of the tip may become narrower, 
with a consequent darkening of the coat. 

From the above explanation of the 
tipped condition it is evident ‘that the 
dark areas about the head and neck, legs, 
fore- and hind-quarters cannot properly 
be termed spots, but rather are the ex- 
pression of the basic color of the coat. 
The light areas represent what might be 
termed an imposed color, as it often is 
only superficial; that is, it may not ex- 
tend to the skin. 


The Tipped Condition a Recessive 


The silver gray of Indian cattle, like 
the silver gray of rodents, is a recessive. 
The cow Zeida (Figure 128) and the 
calf Zeberto (Figure 12C) are F, hy- 
brids, the result of crossing the cow 
Zelandia with the purebred Holstein 
Friesian bull, Ingateston King Albert 
(Figure 12D). The absence of the tip- 
ping condition in the F, hybrid demon- 
strates this condition to be inherited as 
a recessive. Two later offspring of Ze- 
landia by Holstein sires have been pheno- 
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typically the same as Zeida and Zeberto. 
It is a type frequently found in the re- 
gions where the crossing of Holstein on 
Guzarat and Nellore is practiced. 


Theoretical Considerations 


It is evident from the foregoing ac- 
count that the hair of Guzarat and Nel- 
lore Indian cattle is characterized by a 
non-pigmented tipped condition which 
produces the silver-gray effect in the 
coat pattern. 

Considering the silvering effect from 
the point of view of hair type and not 
hair color, it is clear that we are dealing 
with two distinct types or conditions of 
hair in cattle—the totally pigmented or 
unicolored and the tipped or bicolor type. 
In the former the hair from base to point 
is of the same color and color intensity 
as the skin. In the latter the basal por- 
tion only is pigmented, as is the skin. 
The tip, which may vary in width, is of a 
different color, or of a different intensity 
of color, from that of the basal portion. 

In Guzarat and Nellore cattle the pig- 
ment of the basal portion is dark, almost 
an E black, and the tip non-pigmented. 
In other breeds the basal portion may be 
dark and the tip red, as in Jersey and 
Scindi. 

As the study treats of two distinct hair 
types, one dominant over the other, the 
writer postulates the existence of a pair 
of genes responsible for their expression. 
The dominant condition may be repre- 
sented by the symbol T/, totally pigment- 
ed or unicolored, and its allelomorph the 
symbol tp, tipped or bicolored condition. 
The width of the tip and the distribution 
over the coat are assumed to be influ- 
enced by plus and minus extension modi- 
fiers. 

Guzarat, Nellore, Scindi, Jersey, and 
Brown Swiss cattle are characterized by 
the tipping condition, while the Aber- 
deen-Angus, Holstein Friesian, Red 
Polled, and Shorthorn are characterized 
by the unicolored type of hair. 


The Tipping Condition and Nellore 
White 


Ibsen! has termed the silver-gray of 
Nellore cattle white, and has created for 
its genetic expression the symbol wn or 
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recessive white (7 for Nellore). The 
dominant allelomorph ln is given as the 
absence of the recessive condition. As 
demonstrated in this study, what really 
exists in Nellore cattle is the occurrence 
over most of the body of hairs having a 
wide, non-pigmented band at the tip. 
The factorial explanation of Nellore col- 
or herein presented is, therefore, a closer 
approximation to the real condition than 
is Ibsen’s postulation. Also each mem- 
ber of the pair is responsible for an easily 
recognized quality in the coat pattern. 


Conclusions 


This paper reports that the silver-gray 
of coat color in Guzarat and Nellore cat- 
tle is due to the existence of a non-pig- 
mented tipped condition of hair in these 
breeds. Drawing from studies of similar 
color condition in rodents and foxes, the 
width of the tipped portion and distribu- 
tion of the condition over the body are 
assumed to be due to plus and minus 
modifiers of the extension type. The 
blending of the dark areas into the light 
areas of the coat pattern is explained on 
the basis of increasing width of the tipped 
portion of hair. Evidence is also pre- 
sented which indicates that the gene re- 
sponsible for the pigment in the skin is 
likewise responsible for the pigment in 
the hair. 

By crossing the Guzarat with the Hol- 
stein it is experimentally demonstrated 
that the tipping condition is inherited as 
a recessive to the non-tipped or unicol- 
ored condition of hair. 

As the study treats of two distinct 
hair types, one dominant over the other, 
the author postulates the existence of a 
pair of genes responsible for their ex- 
pression. The dominant condition has 
been given the symbol 7/, unicolored or 
totally pigmented, and its allelomorph the 
symbol tp, tipped or bicolored. 
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LINKAGE STUDIES OF WAVED COAT IN 
THE HOUSE MOUSE 


S. O. BuRHOE 
Bussey Institution, Harvard University, and University of Maryland 


of a “waved” mutant in the house 

mouse. The character was shown 
to be inherited as a simple recessive, 
heterozygotes having a normal coat. 
The mutation was discovered in 1930 
by Dr. Evelyn Boyd and later studied 
by Dr. Crew. In the expression of 
the character, as reported, the vibrissae 
of the mutant are seen to be curled upon 
the 4th-5th day, and the coat shows 
waviness upon the 7th-8th day. The 
waviness of the coat increases up to 
the 7th-8th week, and after that age, 
disappears. In later life most waved 
individuals may be distinguished from 
normals by their shorter coat, curved 
guard hairs, and the irregular align- 
ment of hair on the shoulders, back, 
and thighs. 

A second waved recessive mutant ap- 
peared in Dr. Keeler’s stock at the 
Bussey Institution in 1934. Pheno- 
typically this mutant is scarcely distin- 
guishable from Boyd’s mutant but is 
genetically distinct from it. The earlier 
mutation has been called by Keeler 
“waved,” and that appearing in his own 
stock “waveds.”” Keeler found these two 
waved characters to be distinct and 
complementary, in that a waved; ani- 
mal crossed with a waveds produced 
offspring with normal coat. 

This paper is concerned with the 
study of the possible linkage relations 
of the Boyd-Crew mutant, “waved,,” 
with other known unit characters of 
the mouse. In making the tests a 
“waved,” animal was mated to a nor- 
mal-coated mouse exhibiting the char- 
acter to be tested for linkage. Such a 
cross produced double heterozygotes 
which were mated together, thus pro- 
ducing an Fy, population, or in case 
proper animals were available, a back- 
cross to a double recessive stock was 
made. Mouse stocks kept at the Bussey 


| 1933 Crew published a description 


Institution were used for making these 
linkage tests. I am indebted to Drs. 
Keeeler, Reed, and Clark for supplying 
me with animals to make these tests 
and also for experimental data. 

The data in Table I clearly show that 
the genes for agouti, dominant white 
spotting, and Zavadskaia shaker are 
not linked with waved. The data for 
brachyury (short tail) will be dis- 
cussed in connection with those given 
in Table V. 

The albino data in Table I suggest 
the possible occurrence of loose linkage 
between albinism and waved with 43.2% 
crossing over, since the deviation from 
a 1:1 ratio of crossovers and non-cross- 
overs is 3.07 times its probable error. 
However a straight F2 population as 
shown in Table II indicates that no 
linkage exists since the double recessives 
obtained could be produced only by 
the union of crossover gametes from 
both of the F, parents. Thus the nine 
albino waved would arise from cross- 
over gametes only. Their number de- 
viates from expectation by an_insig- 
nificant amount and so indicates no 
linkage. It is well known that pinkeye 
and albinism are linked with about 14% 
crossing over. If waved and albinism 
were loosely linked, as suggested in 
Table I, it would be expected that 
waved would be more closely linked 
with pinkeye than with albinism. How- 
ever pinkeye is shown to be indepen- 
dent of waved by the data in Table II. 
This supports the conclusion previously 
reached that waved and albinism are 
not linked with each other. 

Tests for linkage between waved and 
other characters listed in Table IT also 
give negative results. In fact in five 
of the nine cases the number in the 
double crossover class is actually greater 
than expected. 

In the test for linkage relations be- 
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tween waved and chocolate (bb) an 
F, population was obtained. The re- 
sults are shown in Table III. The dom- 
inant allelomorph of chocolate is black 
B. Of the black and waved individ- 
uals constituting one of the cross-over 
classes there are less than the expected 
number, while in the other crossover 
group there is a number almost equally 
in excess of the expected. In no case 


Table I. Beckerosse data from tests for linkage 
waved and five other sutent character: 


left column lists the character tested and indicates whether the 
© dominant genes in the het whieh were used for the back- 
orc +r were obtained from one of the P) iniividuals (coupling), or 
whet her each parent contributed one dominant gene (repulst n). 
"D" indicates the presence of the dominant gene for the character 
being tested and "d" its recessive all rph. 
indicates the presence of the dow abr nant non-waved gene, and “w* 
its al lelomorph. 
The numbers in italics represent the crossover classe 
The deviation divided by its prenathe error is based on the devie- 
tion froma 1:1 ratio of the sum of the crossover classes, 


DdWw Ddww ddWw ddww €cross- Dev. /P.£ 
— 


Albino (repulsion) 2 62 ss 45 3.07 
Doninant spotting (coupling 13 4 55.7 1 

“avaiskaie Sheker (repulsion)| 29 15 18 $1.5 0.69 
Brachyury (coupling) 46 6: 47.1 1.22 


Table II. Fo -— from tests for linkage between waved 
nd nine other mutent cheracters 
In each case the double recessive class is the double ercssover 
cless. 


The deviation (Dev.) lumn shows the amount that the double 
recessive varies from a 15:1 ratio. 
Dev./P.E, is based or the deviation of the double recessive class 


from en expected 15:1 ratio divided by its probable error, 


Deww ddww Dev. P.E. 
\lbino (repulsion) } 26 2 16 
inkage 
Pinkeye (repulsion 1 4 4 
Short ear (repulsion) | 65 24 1s 2 1.94 ll 
Leaden (repulsion) |} 7 20 22 QL +338 1,67 
Rodless (repulsion 6? 25 21 2.35 1.33 
Piebeld (repulsion) 8s 26 31 is 24.05 2.06 
Anewia (repulsion) 102 2g 1° 23 
Waltzing (repulsion) 65 a4 ls -0.18 0,10 
Dwerf (repulsion) 11é 2s 21 -1,.3? 


Table III. Fp involving chocolate (bb) end waved (coupling). 


Observed 144 32 22 1s 283 
Expected 9:3:3:1 142,29 47.43 47.43 15.61 

Deviation +1.61 -10,43 +9.5 37 -0.61 
Probable error 5.32 4.19 4.19 2,60 
Dev. /P.E. 0.30 2.49 2,26 0,31 


Table Iv. Test for linkage between dominant naked (N) and waved. 


=== 
Observed 18 n 24 ? 60 
xpected £0 7.50 22.50 7.90 
evie n -4.50 3.50 1.50 70.50 
Probable error 1.72 2.52 1.72 
Dev. /P.E. 1,40 26 


Table V. Test for linkage between brechyury (By) and weaved. 


BybyW- By byww bybyw- bybyww total 
Observed a9 is 27 
Expected 3:13:3:1 5? iv 8? 
Deviation ] 8 
Probable error 3.92 2.73 3.02 2.73 
Dev. /P.E. 2.04 1,09 0.76 2.96 


is the deviation three times its probable 
error. 

The results given in Table IV were 
obtained by crossing double hetero- 
zygotes (NW .nw) with normal haired 
individuals heterozygous for waved 
(nw nl’). These data show an excess 
of individuals both naked and waved 
which comprise the single class contain- 
ing only crossover individuals. 

A brachyuric (short tailed) mouse 
is heterozygous for the dominant 
brachyuric gene, the homozygous dom- 
inant condition being lethal. There is 
a wide range in the length of tail of in- 
dividuals which are brachyuric, and it 
is very difficult, perhaps impossible, to 
distinguish a mouse having a_ very 
slight degree of shortness from one 
which is normal. The possibility of 
occurrence of such normal overlaps 
may in some degree account for the 
excess of normal individuals shown in 
Table V. The data given in this table 
were obtained by crossing double heter- 
ozygotes (B yW .byw) with normal 
tailed individuals heterozygous for 
waved (bybyll’w). The number occur- 
ring in the crossover class is less than 
expected, but the deviation is but 1.09 
times its probable error and hence not 
statistically significant. The backcross 
data given in Table I show less cross- 
overs than non-crossover individuals, 
but the deviation from the expected 1:1 
ratio is only 1.22 times its probable er- 
ror; thus the percentage crossing over 
indicated in Table I can hardly be con- 
sidered evidence of linkage. 


Summary 


Linkage tests involving the recessive 
mutant “waved,” of the house mouse, 
show that it is inherited independently 
of fourteen other mutant genes. It may 
be regarded as a marker of another 
chromosome. 
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INHERITANCE IN NICOTIANA 


II. “The Conception of Reaction System Contrasts in Heredity” 


J. A. B. Notra* 
Department of Agriculture and Commerce, San Juan, Puerto Rico 


ticipated a hypothesis which they 

definitely announced in 1917.4 Said 
these writers!: “If in contrast to this 
type of behavior (Mendelian) it should 
be possible to secure contrasts of funda- 
mentally different reaction systems, then 
conceivably the elements, although play- 
ing definite parts in their own systems, 
might fail to establish the harmonious 
inter-relations which are necessary for 
normal development and reproduction. 
Such incompatibility of elements would 
give rise to a peculiar type of behavior 
in inheritance which could not be ac- 
counted for by the customary formal 
treatment based on the Mendelian view- 
point.” Asa result of interspecific crosses 
made between Nicotiana tabacum L. 
N. sylvestris L. it was concluded that the 
tabacum system dominated over the 
sylvestris system, indicating “a rather 
extensive mutual incompatibility of the 
elements of the two systems.” The hy- 
pothesis was definitely announced in 
1917.4 Here it is stated that the F; hy- 
brids of N. tabacum X N. sylvestris 
correspond with the tabacum parent and 
that “this correspondence is not only 
apparent in general appearance, but it 
extends to minute details of form and 
structure, and it is displayed even in the 
more intangible characteristics generally 
included under the term habit.” The F, 
of the species cross with N. sylvestris is 
given as an enlarged expression of the 
tabacum system. It is further added that 
these results occur no matter what par- 
ticular set of characters is brought in by 
the particular tabacum variety. 


| N 1916, Clausen and Goodspeed! an- 


Observations on a number of inter- 
specific crosses between several tobacco 
varieties and N. sylvestris showed that 
in every case the hybrid displayed the 
characters of the particular tabacum va- 
riety. The writers interpret the results 
as being the consequence of the interac- 
tion of two separate and independent re- 
action systems, in which one of the sys- 
tems predominates over the other. In 
the case under discussion the tabacum 
system dominated in the reaction and its 
dominance was so unique and complete 
that its characters always were exhibited 
in the hybrids to the exclusion of those 
of the sylvestris system. The results 
were especially interesting insofar as the 
dominance of the system was concerned, 
since it was found that even those char- 
acters of N. tabacum which were reces- 
sive in intraspecific crosses proved to be 
dominant over their sylvestris allelo- 
morphs. This influence was so inequivo- 
cal that the writers suggested backcross- 
ing to N. sylvestris in ordinary genetic 
studies within the species tabacum. 

In some crosses made by the writer 
using pure lines of N. tabacum as one 
parent and N. sylvestris as the other, re- 
sults have been obtained which appear 
not to agree with the hypothesis that the 
tabacum system dominates in the cross. 
These experiments were begun at the 
University of Wisconsin, Department of 
Horticulture, Tobacco Section, and con- 
tinued at the Insular Forestry Station 
of Rio Piedras, P. R. 


Materials and Methods 
The varieties of N. tabacum used in 


* John Simon Guggenheim Memorial Foundation Fellow. Latin American Exchange. 1932- 


33. The writer gratefully acknowledges his obligation to Prof. James Johnson, of the University 
of Wisconsin, for the use of his laboratory; to José Marrero, who helped in the field at the 
Forestry Station of Puerto Rico; and to Prof. A. C. Fraser, of the Department of Plant Breed- 
ing of Cornell University, for helpful suggestions in the preparation of the manuscript. 
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FLOWERS OF TOBACCO SPECIES HYBRIDS 
2 Figure 15 


In the lower row are flowers of the tobacco variety Consolation (N. tabacum). In the 
middle row are flowers of the other species used in this cross, N. sylvestris, and in the upper 
row are the flowers of the hybrid between these twe species. The hybrid appears in most of its 
characters to be an enlarged replica of the tabacum parent. Not all tabacum characters are 
dominant, however, for the yellow plant color of the Consolation parent does not appear in 
the hybrid. 
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HAIRY FILAMENTS OF CENIZA 
TOBACCO 
Figure 16 

The variety Ceniza (N. tabacum) used in 
these experiments differed from most Nico- 
tiana species in having hairy filaments of 
the stamens. In hybrids between this form 
and N. sylvestris, in which only the base of 
the filament was hairy, the latter condition 
was dominant. 


this investigation were the “Ceniza” or 
glaucous”, and the “Consolation”. 
Seed of Nicotiana sylvestris was ob- 
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tained from Prof. James Johnson of the 
University of Wisconsin. 

Nicotiana tabacum var. “Ceniza” grew 
vigorously in Puerto Rico and in Madi- 
son under the conditions of the trials. 
The “glaucous” character of this variety 
is exhibited in the greenhouse under cold 
temperature, as well as in field or green- 
house under the high temperature of the 
summer weather. The strain which we 
have incorporated as a pure line in our 
cultures is also characterized by a hairy 
condition of the filaments of the stamens. 
Here the hairiness extends over the 
whole length up to the tip where the 
anthers are attached. It will be remem- 
bered that normally, in most Nicotiana 
species, the hairiness of the filaments 
covers approximately one-third the 
length of the filament, not extending 
much beyond the tip of the ovary. In 
habit of growth the Ceniza variety may 
be described as branching profusely if 
undisturbed. 

N. tabacum var. “Consolation” is char- 
acterized by a yellowish-green color of 
the leaves and stems. Because of the 
abnormal coloration this variety is very 
slow-growing and usually takes two 
weeks more than any other slow-grow- 
ing variety to attain normal develop- 
ment. Tendency to branch is less pro- 
nounced than in the “Ceniza” variety. 
The flowers are rose-pink like the above. 

“Glaucous” has been shown® to be re- 
cessive and duplicate genes are responsi- 
ble for the character. The yellowish- 
green condition is similarly recessive, 
though a simple 3:1 mendelian relation- 
ship exists here*. The hairy character 
of stamen filaments is recessive but no 
genetical analysis has as yet been pub- 
lished. 

The N. sylvestris used in these crosses 
grew readily under the conditions in the 
experimental gardens in Madison, Wis- 
consin ; but its development has not been 
very satisfactory in Puerto Rico at the 
Forestry Station grounds, near sea level 
and about eight miles from the seashore. 

Crosses have been repeated four times 
since 1932 and the results seem to be in 
perfect agreement in all the progenies. 
In each case 100 plants of each cross 
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were grown and they were considered to 
be uniform. 


Results 


In the cross N. tabacum var. “Ceniza” 
x N. sylvestris, the F; hybrid resembles 
in habit of growth the “Ceniza” parent. 
It branches profusely like the female 
parent. The shape and size of flower 
should be more rightly considered as in- 
termediate, but the color is definitely 
nearly like that of the tabacum parent. 
The shape of leaves, however, is less 
oblong than in “Ceniza” and more nearly 
spatulate like that of the leaves of the 
sylvestris parent. The margin of the 
leaf is more even than that of “Ceniza”. 
The plant color is more like sylvestris 
though a deeper green. It is not glau- 
cous. In this respect it is unlike “Ceni- 
za”. The filaments of the stamens which 
are hairy over the whole length up to the 
tips where the anthers are attached, in 
the “Ceniza”’ parent, are glabrous in the 
hybrid, except for the lower third which 
is normally hairy in most species of Nico- 
tiana. The reciprocal cross was made 
once and the results correspond to those 
of the direct cross. 

In the cross N. tabacum var. “Con- 
solation” & N. sylvestris, the hybrid is 
similar to the above. The plant grows 
very vigorously, surpassing the maternal 
parent in height and spread of branches. 
In this sense, the hybrid may be consid- 
ered an enlarged replica of the tabacum 
parent. The hybrid is actually more vig- 
orous than either of the parents. The 
variety “Consolation” is normally slow- 
growing as already pointed out, and N. 
sylvestris itself is not well adapted to the 
conditions where these trials have been 
conducted in the island. The vigorous 
hybrid, therefore, surpasses any expecta- 
tion. The plants are green like sylves- 
tris, or more properly a color resembling 
that of the intraspecific hybrid “Ceniza” 
x “Consolation.” With respect to color 
of flower the hybrid resembles the ta- 
bacum parent. 


Discussion 


The results herein presented seem to 
be in disagreement with the established 
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hypothesis of Goodspeed and Clausen 
with respect to inheritance of characters 
in interspecific crossing in Nicotiana ta- 
bacum and N. sylvestris. According to 
that hypothesis, one would have expect- 
ed the characters of the tabacum parents 
to have been exhibited in the hybrids or 
crosses between these and N. sylvestris. 
The most important characters here 
found not to follow the established hy- 
pothesis were the glaucous plant charac- 
ter and the hairy condition of the stamen 
filaments of the “Ceniza” tobacco, and 
the yellowish-green color of the “Con- 
solation” tobacco. 

In the light of our results a new in- 
terpretation may be given to the phe- 
nomenon reported by Goodspeed and 
Clausen and confirmed by various au- 
thors for many characters. It might be 
conjectured that the sylvestris system 
may have forces or genes which inhibit 
the expression of some tabacum or other 
Nicotiana species characters. But in a 
similar way one might argue that in 
those cases in which the recessive char- 
acters of tabacum attain full expression 
in the interspecific cross with sylvestris, 
that expression may be the result of an 
interaction of the two systems resulting 
in the inhibition of the corresponding 
allelomorphs from sylvestris by the pres- 
ence of inhibiting factors in the tabacum 
system. The same reasoning can be used 
in either case. 

May it not be, however, that a par- 
ticular gene or group of genes in either 
system is more powerful than its corre- 
sponding allelomorph or allelomorphs in 
the opposite system and that we are car- 
ried then into another interpretation, the 
quality of the gene? Thus, both views 
could then be harmonized. In some cases 
the character of one gene would be ex- 
pressed in the interspecific hybrid irre- 
spective of whether the allelomorph is 
recessive or dominant within that spe- 
cies. The final test for this hypothesis 
would be the predominance of a sylves- 
tris character in the hybrid, over its alle- 
lomorph which itself shows dominance 
in intraspecific crosses in tabacum. Such 
a behavior has not yet been detected in 
the hybrids of N. tabacum X N. sylves- 
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tris; but would certainly furnish proof 
for the greater quality of a sylvestris 
gene without respect to the number of 
chromosomes in the corresponding spe- 
cies, or to the protoplasmic system in 
general. 

This idea is by no means new. Gold- 
schmidt* in the interpretation of certain 
irregularities observed in the inheritance 
of sex in the Gypsy moth (Lymantria 
dispar) offered an explanation with 
which our situation might be paralleled. 
In that insect the male is homozygous 
(XX) and the female heterozygous 
(XY) for sex. Goldschmidt assumed a 
female sex determining substance (/*) 
transmitted to all the eggs by the mother 
by reason of a gene (F) on the Y chro- 
mosome and a male gene (/ ) inherited 
in Mendelian fashion. In crosses of 
European and Japanese races of the 
moth, it was found that not all the hy- 
brids were normally male or female, 
but that four classes were evident: nor- 
mal males, normal females, and males 
and females considered as intersexual. 
The intersexual males and females were 
explained on the assumption of quantita- 
tive differences in the values of the 
strength of the genes for maleness or 
femaleness in the various races of moths. 
Thus, one male from, say race 4, would 
more efficiently transmit its maleness to 
the offspring than a male of, say, race B. 

Our suggested explanation for differ- 
ences of character expression in the in- 
terspecific crosses in Nicotiana tabacum 
x N. sylvestris, finds an analogy in this 
interpretation which merits considera- 
tion here. 

The predominance of such characters 
as parthenocarpy, calycine corolla, and 
long petiole®, normally recessive in intra- 
specific crosses, could be explained as 
follows: let us designate the tabacum 
genes as 7,f,, and the corresponding 
sylvestris genes as SyS,, in which T;, To, 
Ts, etc., and S;, Se, Ss, etc., have differ- 
ent values or efficiency in potency. Thus, 
assuming t,t; for parthenocarpy, for 
long petiole, and ¢ ts for calycine corolla 
in N. tabacum, and the allelomorphic N. 
sylvestris normal S;S;, S2S2 and S353, 
we would have the following situation in 
the hybrid: 


ht SiS: = hSi, parthenocarpous, because 
h> 
tet2 S2S2 = long petioled, because 


te 
tats S3sSs = tsS3, calycinate corollas, because 

ts > Ss. 
However, if yellow plant color, the glau- 
cous character, and hairy filaments in 
N. tabacum are designated, for the pur- 
pose of this discussion, as tgts, tsts and 
tete, respectively, we obtain the following 
results when crossing with N. sylvestris : 
tats & SsSs = tsSs, intermediate greenish-yel- 

low, because fs is not > S:; 

tots SsSs = tsSs, normal green, because 

is not > Ss; and 

tete X SeSe = teSe, glabrous filaments, because 

te is not > Se. 

In the above case, fy is at best equal to 
54, and the resulting plant color is neither 
green nor yellowish but intermediate be- 
tween these two conditions, suggesting 
a case of quantitative inheritance in 
which both genes, recessive and dom- 
inant, have equal values. 

The hybrid “glaucous” tabacum XX 
sylvestris indicates that ts is < S; and 
ts is also < Sg. In these cases it would 
be interesting to determine, if the corre- 
sponding recessives were ever obtained 
in NV. sylvestris, whether Ty, Ts, and 
were equal to or greater in potency than 
54, Ss and Sg, because it would then imply 
the same effect for recessives of the syl- 
vestris system as prevails in the situa- 
tion mentioned above for tabacum reces- 
sives, te and fg. 


Summary 


1. The F, hybrid of Nicotiana ta- 
bacum, varieties “Ceniza” (“‘glaucous” 
and hairy filament characters) and “Con- 
solation” (yellow plant character), with 
the species N. sylvestris showed that 
these characters were not dominant in 
the cross. 

2. The writer finds these results do 
not conform with the theory of reaction 
systems advanced by Clausen and Good- 
speed, which claimed dominance of the 
tabacum system over the sylvestris sys- 
tem. 

3. It is suggested that genic quality 
may more properly explain the observed 
phenomena than differences in the sys- 
tem as a whole. 
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A TAME-WILD RABBIT CROSS 


W. Kinc WILSoNn 


National Institute of Poultry Husbandry, Harper Adams Agricultural College, 
Newport, Shropshire, England 


WENTY-SIX years ago As- 
sheton' reported some observa- 
tions on the crossing of a wild buck 
rabbit with White Angora and with 
Himalayan does which threw some light 
on the inheritance of the wild disposi- 
tion. He stated that wild rabbits, al- 
though shy, live and breed quite happily 
in captivity if allowed sufficient covert. 
Captivity does not alter their retiring 
dispositions, and even after long periods 
of association with tame rabbits they 
still do not show themselves in the day- 
time. The F,s showed dominance of the 
wild parent’s characters for color, length 
of fur, size and weight, but as regards 
wildness the influence of the wild parent 
was less marked. 

Of the cross with the Angora, it was 
reported that “the wildness of the F, is 
well marked, but is very difficult to esti- 
mate, but, though more shy than the tame 
mother, the young are not as shy as the 
wild father. I should be inclined to re- 
gard the condition as intermediate, for 
the young of the hybrid are not nearly 
as shy as the young of the pure-bred 
wild parents.” 

In the course of the Angora cross, 
although six F; litters were born, an un- 
known number of rabbits died quite 
young, and only 13 animals reached 
adult life. Many other deaths are men- 
tioned in the paper, including some 
from the Himalayan cross. 


Object of Experiment 


A project was started under Prof. R. 
T. Parkhurst, with the object of pro- 
ducing a homozygous strain of Agouti 
rabbits of sturdy type with dense fur. 
Thus it was proposed to test certain off- 


spring for suspected recessive charac- 
ters and then to cross the animals which 
were found to be free from recessives 
with established varieties of rabbits to 
improve vigour and fur qualities. The ex- 
perience of fur rabbit breeders had been 
that the introduction of fresh stock to 
their rabbitries invariably resulted in the 
appearance of recessive colors and coat 
types.*3 

The material for this work comprised 
two wild bucks weighing 3-3% lbs., 
crossed with three Sitka (Black Bever- 
in) does, weighing approximately 7-8 
Ibs. The males provided the factor 
for Agouti coloring and were less likely 
to carry recessive characters than hutch- 
bred (tame) Agouties. These wilds 
were always exceedingly shy and re- 
mained hidden unless moved; when dis- 
turbed they would dash around the pen 
in a frightened manner. This “wild” 
trait persisted throughout the investiga- 
tion, and they did not feed in the day- 
time. 

The Sitka* does were “ordinary 
blacks“ (i.e. not dominant blacks) and 
were expected to behave as simple re- 
cessive to Agouti. 

The Sitka does used in our work were 
a little more than double the weight of 
the wild bucks, and in disposition were 
quiet and docile. 

Results 
Fertility 

The wild bucks made no attempt to 
mate with the Sitka does when under 
observation. Does were then left with 
the buck in the hutch for a day, and later, 
overnight, but with little better result. 
Later, in a vacant room about ten feet 


*The Sitka was made by Mrs. V. D. Ker in 1918-19 from a black doe, and a black-and- 
white doe mated to Blue Beveren bucks; subsequently it was discovered that the black-and- 


white doe carried the Angora factor. 
sired by a Flemish Giant buck. 


The only other available information was that one was 
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square, a “hide” of turves was made, 
with the result that several litters were 
obtained. It was, nevertheless, difficult 
to obtain litters; one doe produced one 
litter, and the other two produced two 
litters each from numerous matings, in 
all months of the year except August. 
Another difficulty was that the litters 
were small, with half of the F; born 
dead. 

An F;, litter of five provided four 
bucks and only one doe. Two bucks 
and the doe were retained for breeding 
and their fertility was satisfactory, the 
doe producing nine litters within 2% 
years from her first mating. The first 
three litters died, the doe having failed 
to make a nest, but the fourth to eighth 
litters were raised. The ninth litter, 


which arrived on the day the eighth lit- 
ter was weaned, was not nestled; of 
five litters produced by F2 does two were 
similarly lost, but in another case the 
second and third litters were lost from 
a doe which had raised her first litter. 

For the purpose of testing Fz Agouties 
for recessive black and for Angora coat, 
Blue Angoras were used, but the Fo2’s 
at first appeared to be shy of this mating. 
One of the does (No. 532) was mated 
to the Blue Angora buck on fourteen 
separate occasions within sixteen 
months, but no young were produced in 
spite of the fact that both animals had 
proved fertile in other matings. The fer- 
tility of the other F.’s was satisfactory 
when mated with Blue Angoras. How- 
ever, two litters from a Blue Angora doe 


TABLE I. Summary of Fertility 


Fertile 
matings 
No. of No. of No. of as % of 
bucks attempted No. of No. of dead those 
IDENTITY used matings litters young young* attempted 
Does 
P; Sitka R 80 3 11 2 by 2 BF 5 3 
R 81 4 22 3 by 3 B. 5 1 14.6% 
R 82 4 15 2 by 2 B. 9 4 
F, Agouti 352 2 21 9 by 2 B. 35 7 (or 12) 42.9% 
F, Agouti 32/458 2 6 3 by 1 B. 9 3 50.0% 
Sandy Agouti 32/459 1 2 1 6 0 ” 21.7% 
Sandy Agouti 532 2 15 1 4 0 
73 18 
Testing : 
Blue Angora 2 8 3 24 0 (or 17) 37.5% 
Agouti F,’s (Doe died pregnant) 
97 18 (or 29) 
Bucks No. of 
does 
1 1 
Wild (E 1.) 3 23 3 9 4 { 12.5% 
Agouti Rex 3 7 0 
Fi (< P:) Agouti 356 3 8 2 3 0 
(< Fi) Agouti 356 1 9 4 13 7 } 37.9% 
Agouti 353 1 12 5 22 (5) 
F: (< F:) Agouti 695 2 7 4 28 (17) 
Agouti 32/457 1 1 0 } 50.0% 
(X< Blue Angora 32/457 1 2 1 (Doe died pregnant) ? 
Testing : 
Blue Angora * 
Agouti F,’s 21 4 15 3 
Matings omitting 2 532t 3 7 4 15 3 


*Figures in brackets include deaths from accidental causes. 
+B. = Buck or bucks. 
tTried with 2 532 14 times, but no young; this line gives the figures in the line above 
with these attempted matings deleted. 
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crossed with Agouti F2’s were lost when 
the doe was housed near a maie, further 
loss being prevented by moving her fur- 
ther away from the male. 

From Table I it is seen that “at- 
tempted matings” gave approximately 14 
per cent fertility in the P; which rose to 
approximately 43 per cent in the F;, and 
50 per cent in the F2 if the exceptional 
record of doe No. 532 is omitted. 


Loss of Litters and Litter Size 


The ratio of the total young born to 
the number dead at birth, excluding acci- 
dents, is tabulated below.* 

At first it appeared that dead litters 
were mainly from the first pregnancies 
from the Sitka does but it was found that 
those from Fe» does all survived and that 
over the whole of the matings there 
were as many live as there were dead 
litters in both the first, second, and the 
third litters obtained from various does. 
If the accident with the F, doe’s ninth 
litter, and the matings from Blue An- 
gora doe with F, bucks are omitted, the 
number of young born is 73, of which 
18 were dead. 

Litter size has been shown by Pick- 
ard* to be generally smaller in light 
breeds than in the heavy breeds and the 
average number of young for eleven 
litters of Beverens was reported by him 
to be 6.17. Compared with this figure 
the litter size of the various stock 
throughout this investigation was ex- 
tremely small, with an average of 3.87. 
The details are as follows: 


TABLE Il. Litter Size. 


It at first appeared that the Sitka 
does were producing small litters, pos- 
sibly as a result of the long intervals 
between fertile matings, but the litter 
size of the descendants, except when 
crossed with Blue Angora, was also 
smaller than would normally be ex- 
pected and was not equal to that of the 
small Polish breed of rabbits. The lit- 
ter size of 13 viable litters (excluding 
those involved in accidents) ranged 
from 1-8 young with an average of 
4.94; eight dead litters ranged from 
1-4 young with an average of 2.25 or 
approximately half the number in the 
living litters. 

Colour Distribution 

From matings of three Sitka (Black 
Beveren) does to two wild Agouti bucks, 
16 F,;’s were obtained; these were all 
Agouties as expected, and resembled the 
wild parent in type. Back crosses of F2 
with Sitkas gave two small litters (a two 
and a one) containing two Agouties and 
one black. 

Nine litters from F,; & Fy; gave 35 
F.’s of which 25 were of the “Agouti 
class” and 10 were blacks, which is a 
reasonably close approximation to the 
expected 3:1 ratio. In the five litters 
raised it was found that the Agouties 
were of two kinds: the ordinary Agouti, 
and a sort of “Sandy” Agouti. In the 
“Sandy” Agouti the surface color of the 
fur was paler than in the ordinary Agouti 
by reason of the yellow barring on the 
hair being at least double the usual width. 
This character is comparable to Sawin’s 
wide-banded Chinchilla®, known to fan- 
ciers as “ghosts” owing to the pale color. 
The few data are compatible with its be- 
having as a simple Mendelian recessive 
to normal Agouti banding. The Fs lit- 
ters examined for this character con- 
tained 12 normal Agouti: 5 pale or 
“Sandy” Agouti, : 6 Black. 

Two of these Sandy Agouti does pro- 
duced litters—one by a Blue Angora 
buck gave one normal Agouti and five 
black, the other by an Agouti (normal) 


= 

1 1 | 1 0 1 4 

2 0 1 2 0 1 4 

3 2 1 0 0 3 

4 1 2 1 0 4 

5 1 1 0 2 

6 = 1 2 3 

7 0 1 l 

8 0 

9 1 ] 

*Matings P, x 
Total No. of woe 16 


Dead at Birth 8 


F, x BA Total 
80 


3 35 4 
0 7 a 3 18 
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F, buck gave two Agouti (normal) and 
two Sandy Agouti. Nine other young 
from Agouti (normal) X Blue Angora 
gave all Agouti (normal). 

Figures from Chinchilla breeding, and 
from rexing the Chinchilla with Agouti 
rex (Chinchilla behaves as a simple re- 
cessive to Agouti), in which “pale” speci- 
mens appeared are given in Table III. 

These does each produced litters by 
other bucks, but the latter evidently did 
not carry the factor for “pale” color— 
which turns Agouti into “Sandy” Agou- 
ti and Chinchilla into “Ghost” Chinchilla. 
Matings of two “Ghost” Chinchilla does 
to a Chinchilla buck carrying the factor 
for pale color gave in one case three 
Chinchilla and three “Ghosts”, and in 
the other, two Chinchillas and seven 
“Ghosts”. 

Agouti and “Sandy” Agouti F.’s from 
the original Sitka Wild Agouti cross 
were tested for recessive black and for 
Angora coat by mating with Blue An- 
goras (blue being a dilute black) with 
the result shown in Table IV. 

The test matings showed the Agouti 
buck 695 and the “Sandy” Agouti doe 
32/459 to be carriers of recessive black, 
and the Agouti doe 32/458 probably to 
be free from this recessive. All three 
were free from Angora coat, since none 
appeared either in the F2 Agouti test 
matings, or in the producion of four 
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F;’s. The constitution of buck 32/457 
and doe 532 requires further investiga- 
tion. 

Size and Vigor 


The crossing of 7-8 Ib. does with small 
wild bucks weighing 3-3% lbs. gave 
of intermediate weight. At nine months 
the bucks averaged 4 lbs. 10 ozs. and the 
does 4 Ibs. 12 ozs. (although the doe ul- 
timately reached 6% Ibs. in her fifth 
year). The average weight of the Fo’s 
at nine months was: bucks, 4 Ibs. 114 
ozs. and does, 4 lbs. 8% ozs. (after one 
year these ranged from 4 Ibs. 10 ozs. to 
5 Ibs. 12 ozs.), all of which conform 
closely to the intermediate weights from 
the first cross without either the heavy 
or the light parental weight classes ap- 
pearing in the stock raised. It will, how- 
ever, be observed that the intermediate 
F, and Fy, weights ultimately reached a 
level equal to the actual intermediate of 
the originals, instead of falling a little 
below this grade. 

Some evidence for the existence of hy- 
brid vigor lies in the remarkably good 
condition of both the F,’s and the Fo.’s 
throughout their lives. They were, with- 
out exception, always in good condition, 
with flesh firm, although very small eat- 
ers. The coat was dense without being 
exceptionally so, and the rabbits were 
quick and clean moulters. The carcasses 


TABLE III. Normal and Pale Colour (or Wide Sending). 
“Sandy” Ghost” Ratio 
Agouti Agouti Chinchilla Chinchilla Normal : Pale 
Chinchilla Chinchilla 
SF x 2 1 
177 TM R159 16 7 
Rexing the Chinchilla 
(Chinchilla 9 Agouti Rex 
Q Agouti F: R791 « ¢ Chin. Rex 176 3 4 3 
2 Agouti Fi R500 & ¢ Chin. Rex 176 3 1 6 2 35 : 10 
2 Agouti Rex F, 347 & ¢ Chin. Rex 
TOTAL 5 52 21 70 : 2 
TABLE IV. Results of Testing Agouti and “Sandy” Agouti F,’s with Blue Angoras. 
Agouti Sandy Black 
Blue Angora Agouti 695 12 12 
Blue Angora F: Agouti 32/457, “(Doe died pregnant) 
F, Sandy Agouti 32/459 « ¢ Blue Angora. 1 5 
Q F; Sandy Agouti 532 x ¢@ Blue Angora (Refused to breed with this buck) 
Sandy Agouti 32/458 ¢ Blue Angora(2 out of 3 litters dead) 9 
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were of ideal type for the London mar- 
ket, with firm well-fleshed backs and 
white fat, although not quite the ideal 
size from the producer’s viewpoint, 
greater weight-for-age being desirable. 


Temperament 

The crossing of quiet and placid Sitkas 
with timid nervous Wild greys gave five 
F,’s, all timid and nervous, as in the 
wild. Before opening their hutch doors, 
it was necessary to close the shed door 
lest they should bolt round and out of 
their hutches; they remained timid 
throughout life. The F2’s raised were 
all timid, although to a slightly lesser 
degree, and as adults showed less nerv- 
ousness than the F,’s. The Fs3’s were 
less timid than their parents but not do- 
cile, indicating that timidity is dominant 
and due to more than one factor. 


Summary 


1. Attempts were made to cross tame 
Sitka (Black Beveren) does with Wild 
Agouti bucks to produce a strain of 
Agouties which, by selection after test 
matings, would breed true. 

2. The number of animals involved 
was limited owing to: 

(1) Difficulty in making the orig- 
inal cross; 

(11) Small litter size obtained 
throughout the work; 

(III) Does frequently failing to make 
nests resulting in nearly 40% 
dead young. After deducting 
accidents the ratio of live : dead 
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young was 55:18 in the various 
stock ; 

(1V) The number of young in dead 
litters was only half that of live 
litters. 

3. During the investigation a charac- 
ter which results in pale color, since de- 
scribed as “wide” banding on the Agou- 
ti hair, was observed. 

4. Certain Fy,’s from the original 
cross were tested for recessives and by 
elimination were reduced to a trio. 

5. Crossing large with small paren- 
tals gave almost exactly intermediate 
F,’s and F,’s; neither the large nor the 
small parental weight classes were re- 
covered in the limited material. Good 
body condition, quick moulting, and 
small appetites were conspicuous in the 
offspring. 

6. Docile tame stock crossed to wilds, 
which were exceedingly timid, gave all 
“wild” timid F,’s, to a smaller extent 
F's, and, to a still smaller extent F3’s, 
without dociles appearing. 
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HIS work* appears as one of the 

series of the Bibliotheque de Philo- 
sophie scientifique. In it the author has 
tried to present simply and clearly the 
general conceptions of inheritance. He 
has succeeded most admirably. He leads 
the reader into the more complicated 


phases of genetics so gently that the mat- 
ter is understood before the difficulties 
are appreciated. The volume does not 
pretend to be a summary of genetic re- 
sults or a catalogue of ratios. However, 
there is little in the field of genetic 
thought that is omitted. H. V. Hartan. 


*LES CONCEPTIONS MODERNES DE L’HEREDITE, by Maurice Cauttery. Pp. 


312. Price, 15 francs. 


Ernest Flammarion, Editeur. 


(Bibliotheque de Philosophie scientific.) 
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COMMUNIST EUGENICS 


Review of a Preview of a Possible Tomorrow for Human Society 


HE publishers advertise Professor 
Muller’s book* as “breath-taking” 
and “mental dynamite.” The pres- 
ent reviewer, not being primarily inter- 
ested in the sales value, thinks that some 
parts at least may be read with safety, 
even by a man with a weak heart. The 
more “dangerous” ideas have already 
been expressed in such books as Daedal- 
us, Icarus, Tantalus and Hymen, but 
there is at least one important difference, 
according to the statement contained in 
the preface, namely, the emphasis upon 
the idea “that for the continuance of ma- 
terial, cultural and biological progress in 
the human race, a thorough-going eco- 
nomic and social change to a more truly 
cooperative basis of society, together with 
the regeneration in human motivation at- 
tendant upon this, is a prior necessity. 
In the meantime, our airy imaginings 
concerning the future possibilities of co- 
Operative activity on a grand scale are 
brought down to earth and given sub- 
stance when we turn to the great and 
solid actualities of collective achievement 
which are becoming increasingly evident 
in that one section of the world — the 
Soviet Union — in which the funda- 
mental changes in the economic basis 
have already been established. There 
the march of progress proceeds apace 
while elsewhere discouragement and de- 
cadence admittedly deepen.” 

A second point of difference is that 
from the genetic point of view “all previ- 
ous serious estimates of the amount of 
genetic change that would be possible 
and desirable for man have been too ut- 
terly modest, as have also been previous 
notions of the speed (or lack of it) with 
which such changes can be brought 
about.” Muller holds that “Eugenics” 
of the stereotyped variety has become a 
hopelessly perverted movement, inef- 


fectual or positively harmful “lending a 
false appearance of scientific basis to ad- 
vocates of race and class prejudice, de- 
fenders of vested interests of church and 
state, Fascists, Hitlerites and reaction- 
aries generally.” 

Chapter 1, entitled “How Has Man 
Been Made,” deals with the biological 
origin of man and the changes brought 
about in our philosophy of life by ad- 
vancing science. 

The exceeding complexity of the he- 
reditary material, Muller aptly states, 
is illustrated by the fact that the entire 
“machinery” to build a man is contained 
in a single cell, a fertilized egg, and the 
eggs to form the next generation of man- 
kind—two thousands of millions in num- 
ber—might be packed into a one-gallon 
pitcher. But the real hereditary material 
contained in this pitcher, the nuclei of 
eggs and sperm, would occupy the vol- 
ume of a single aspirin tablet. 

Evolutionary “progress” along com- 
petitive lines does not involve increasing 
happiness for the competing organisms, 
but determines only their chances of 
survival. Man has had but a short pro- 
bationary period at the very end of the 
thousand million years or more allowed 
by recent findings in radioactive rocks 
for the entire process of organic evolu- 
tion. Symbolizing evolutionary time by 
a cord, each yard of which stands for 
10,000 vears, Muller imagines this cord 
to end in the very center of the private 
desk of J. P. Morgan in his office on 
Wall Street, New York City, but the 
other end of the cord is as far away as 
New Haven or possibly even Boston. 
A human generation would occupy some- 
what less than an eighth of an inch along 
this cord. Now starting in Connecticut 
and traveling toward New York we 
should find no creatures with fur or 


*Out of the Night. A Biologist’s View of the Future. By H. J. Mutter, professor of 
Zoology, University of Texas; member, National Academy of Sciences of the U. S. A.; foreign 
member, Academy of Sciences of the U. S. S. R. X + 127 pp. The Vanguard Press, 1935. 


Price $1.50. 
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feathers until we reached Harlem and 
even here the dinosaurs are still domi- 
nant, not disappearing until we cross 
Forty-second Street. Nothing higher 
than an ape appears until we have turned 
the corner of Wall Street where we find 
the famous “missing link,” Pithecanth- 
ropus. Homo sapiens leaves his first 
remains only seven and a half feet from 
the desk, while on the desk, one foot 
from the center, stands old King Tut. 
Half an inch from the end of the cord 
there start the first faint reverberations 
of the Industrial Revolution, which set 
this desk here, and at a quarter of an 
inch Darwin speaks and man awakes to 
the transitory character of his shape and 
his institutions. 

Man, such a recent comer upon the 
battlefield of the earth, has attained 
dominance through a combination of in- 
telligence and social behavior. From 
this there has developed tradition so that 
our crania are packed full of the com- 
bined experiences of many generations 
of the most superior meddlers and tinker- 
ers, although our native intelligence, still 
of Stone Age calibre, is not many times 
greater than that of some other animals. 

Chapter 2, “Evolution, A Revolution- 
ary Doctrine,” deals with the complete 
overturn in man’s mode of thinking due 
to advancing knowledge and to the loss 
of his supposed permanent, stable and 
central position in the “scheme of 
things.” “A large part of the intellectual 
world, in reacting to the newly discovered 
truths, has gradually adopted an attitude 
of fundamental pessimism. But as Kro- 
potkin first well showed, codperation 
(though not infallible) is a higher pre- 
cept of evolution than is universal com- 
petition. The recently innovated process 
of social evolution, confined to man 
alone, has enabled him to push himself 
up into an isolated position, fraught with 
potentialities barred to any other animal. 
So far as the individual man identifies 
himself with the struggle of his species, 
he may become indeed great, and par- 
take in a mighty continuance whose cre- 
ations will satisfy the most exacting de- 
mands both of his egotism and of his 
benevolence. His individual acts, when 


brought in line with this triumphant 
trend, become again ennobled.” 

Chapter 3, “The Next Necessary 
Step,” develops the theme that despite 
the great advance in means of produc- 
tion of wealth the relations of man with 
man are not organized on a sufficiently 
cooperative basis. Moreover the ac- 
cumulation of defective genes by muta- 
tion, now not counterbalanced by natural 
selection, goes on apace involving the 
biological deterioration of the human 
race. The only adequate alternative is 
some kind of thoroughgoing eugenics. 
But such eugenics is not possible unless 
preceded by a radical economic readjust- 
ment and establishment of a codperative 
society in which every individual man 
may find some occupation and take some 
share however subordinate, thus reestab- 
lishing in him “an energizing sense of 
pride and purpose that was lost when he 
stood alone, aghast at the seemingly in- 
domitable magnitude of the universe.” 

Chapter 4 on “We and the World in 
Contest” deals with the great advances 
made in physical science and the control 
over outer nature thus brought about. 
“The machine itself will be made to do 
most of the routine work, and to man 
will be left chiefly the task of solving 
problems connected with operations that 
cannot be standardized.” 

Chapter 5, “The Inner World,” de- 
velops the idea that we cannot be consid- 
ered as succeeding in our collective life 
struggle unless our inner nature is sub- 
ject to our intelligent control. There 
must be more attention paid to the many 
petty ills and maladjustments that in the 
aggregate impair human happiness and 
efficiency perhaps to a far greater extent 
than the more obvious diseases. The 
impotence of stereotyped eugenics is here 
further developed in relation to elimina- 
tion of such a trait as feeblemindedness. 
It is likewise emphasized that no one uni- 
form and unchanging standard of perfec- 
tion need be adopted for nature’s own 
standards have been ever changing. 

Chapter 6, “Heredity and Character,” 
deals with the question of judging what 
a man’s genetic character really is. Mul- 
ler thinks that really “great” men must 
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have an unusually superior combination 
of genes, but only in a truly cooperative 
society where all are given an equal 
chance would one be able to fairly esti- 
mate a man’s genetic worth. Thus by 
holding environment more nearly con- 
stant, can we better appraise heredity. 

The orthodox belief in the righteous- 
ness and genetic validity of the social 
stratification is denied and it is asserted 
that as good a case might be made out 
for the genetic inferiority of the “upper” 
classes. It might be argued that a cer- 
tain amount of selection has been con- 
tinually occurring, tending to raise the 
less scrupulous, less humane and more 
selfish higher and higher in the ruthless 
financial battle and pushing the more co- 
Operative and socially minded down- 
ward. Thus a higher rate of multiplica- 
tion of the more successful under our 
present system would tend to establish 
a predatory instead of a constructive 
type. This line of argument, like the 
orthodox view, is, according to Muller, 
over simplified and neglects the pre- 
ponderant role played by social environ- 
ment. “The great majority of men, of 
any class or section, could, if reared in 
any given alien caste or group, fit into it 
acceptably.” Whatever average differ- 
ences there may be between social classes 
and races are overshadowed by the great 
genetic heterogeneity for emotional as 
well as intellectual characteristics in any 
one class or race. 

Chapter 7, “Birth and Rebirth,” an- 
swers the question : how can the project- 
ed improvement in our hereditary con- 
stitution be brought about? This cannot 
be by inculcating in young people high 
ideals of their duty toward the coming 
generation. The intelligent woman will 
always “refuse to make of herself either 
a queen bee or a galley slave.” There 
should be universal dissemination of 
knowledge of birth control and _ social 
measures to alleviate the burden of bear- 
ing and rearing children. These re- 
forms and much more will be brought 
about with the change from the profit 
system to socialization, involving “the 
downfall of dogmatic theology and the 
associated system of superstitions, ta- 
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boos and dicta regarding the family re- 
lationship and sex relationships in gen- 
eral.” 

There are then mentioned the accom- 
plishments and possibilities of advancing 
biological science in transplanting the 
fertilized egg or of portions of ovaries 
from one female into another and the 
growth of small amounts of ovarian tis- 
sues outside the body. “All such accom- 
plishments would greatly extend the re- 
productive potencies of females possess- 
ing characters particularly excellent, 
without thereby necessarily interfering 
with their personal lives—or even, we 
may add, with their theologies, since the 
latter did not anticipate any such con- 
tingencies when they were framed and 
as yet contain no injunctions against 
them.” 

But it is biologically possible by arti- 
ficial insemination “to determine that a 
vast number of children of the future 
generation, 50,000 or more, should in- 
herit the characters of some transcend- 
ently estimable man without the parents 
ever having come in contact with each 
other. Personal love has in the past 
never been a willing and efficient slave 
to the needs of reproduction. Unyoke 
the two, sunder the fetters that from time 
immemorial have made them so nearly 
inseparable, and let each go its own way, 
fulfilling its already distinct function. 
The physical means for this emancipa- 
tion are now known for the first time in 
history. The child on the average stands 
half-way in its inherited constitution, be- 
tween its father and the average of the 
general population. It would be theoret- 
ically possible so to order our repro- 
duction that a considerable part of the 
very next generation might average half- 
way between the average of the present 
population and that of our greatest liv- 
ing men. 

“Mankind has the right to the best 
genes attainable, as well as to the best 
environment, and eventually our children 
will blame us for our dereliction if we 
have deliberately failed to take the neces- 
sary steps for providing them with the 
best that was available, squandering 
their rightful heritage only to feed our 
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heedless egotism. In the new society 
participation in the type of reproduction 
in question, designed for the sake of the 
children, will be entirely voluntary.” 
Culturing sex cells years after the death 
of the donor is regarded as a possibility. 
“How many women, in an enlightened 
community devoid of superstitious ta- 
boos and sex slavery, would be eager and 
proud to bear a child of Lenin or of Dar- 
win. Not only is our genetic improve- 
ment patently possible but it is far surer 
and more feasible than any ultimate con- 
quest of the atom, of interplanetary space, 
or of external nature in general.” 
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The author sees the history of life di- 
vided into three main phases. In a long 
preparatory phase it was the helpless 
creature of environment ground at last 
by natural selection into human form. 
In our own very short transitional phase 
it reaches out at the immediate environ- 
ment, shaping it to the needs, wishes and 
whims of man. And in the third long 
phase it will reach down into the secret 
places of its own nature, to shape itself 
into a sublime being, superior to the 
mythical divinities of the past. 

P. W. Waite. 
University of Pennsylvania. 


STATISTICS OF LIFE AND DEATH* 


IFE and death are matters of elemen- 
tal human concern. Life tables and 
true rates are the most refined instru- 
ments of demographic research. Length 
of Life, A Study of Life Tables* combines 
the values of social imagination and tech- 
nical excellence to an extraordinary de- 
gree. The book can be read with plea- 
sure by any one able to assimilate The 
Literary Digest. It must be read by all 
serious students of human biology, popu- 
lation, and hygiene. Fortunately for 
them, the text is clear and lively. 
Stories of Christian Drakenberg, re- 
puted to have led “quite a respectable 
life” from his 141st year until his death, 
and of some of his comrades in longevity 
are served at the start as cocktail. The 
reader is then introduced to “The Life 
Table,” and expected to begin intellec- 
tual activity. The apparatus of techni- 
cal symbols is reduced to a minimum and 
each symbol is explained. Then follows 
a great variety of substantial courses on 
mortality in the ancient and modern 
worlds, the measurable contribution of 
modern medicine and sanitation to long- 
evity, the prospect for future improve- 
ments of the span of life, differential 
mortality among the geographical re- 
gions of the United States and among 
social-economic classes, applications of 


life table analysis to problems of demog- 
raphy and economics, and finally a tech- 
nical treatment of life table construction. 
(The general reader may be excused 
from the last course.) There is a series 
of succinct summaries of the present sit- 
uation regarding the control of each of 
the main causes of death at the present 
time. A feature of special interest to 
readers of the Journal of Heredity is a 
summary of research on length of life of 
offspring in relation to that of parents. 
There is a convenient exposition of the 
theory of “stable” age distribution and 
“true” rates of births, deaths, and nat- 
ural increase. 

The main technical contribution of the 
study is the series of new life tables: 
White males and females for the United 
States (exclusive of South Dakota and 
Texas) and for each state, 1929-1931, 
and for the Death Registration States of 
1920 for the period 1919-1920, and for 
each year from 1921 through 1930; Ne- 
gro males and females, for the United 
States, and for New York State, 1929- 
1931, and for the Death Registration 
States of 1920 for 1921, 1925, and 1930. 
Life table functions are given by single 
years of age for white males and females 
for the total United States only. In 
other cases, complete expectation of life 


*Length of Life, Louis I. Dustin and Atrrep J. LorKa. 


1936. $5.00. 


The Ronald Press, New York, 
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and mortality rate (q,) are reported for 
decennial ages, 0, 10...90. The new 
tables are supplemented by an extensive 
summary, with bibliography, of the re- 
sults of life table investigations on differ- 
ent national populations at different 
times. It may be hoped that arrange- 
ments will be made for supplementary 
publication of the complete life table 
functions by single year of life in the 
case of the new tables. 

It is easy in reviewing any work to 
cite omissions of materials that might 
properly have been developed further. 
The treatment of rural-urban differen- 
tials in death rates, for example, would 
have been enhanced by reference to the 
important studies by DePorte and Dorn, 
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ERE is an attractive and useful 

guide* for the person who wants 
general information about the breeds of 
livestock in Switzerland and about the 
Swiss breeding, testing, registration and 
showing customs. It is not very critical 
since one of the author’s purposes is to 
encourage the export demand for Swiss 
breeding animals and he is patriotically 
proud of the Swiss breeds even using 
some flowery language here and there. 
Yet the book has much factual detail, 
containing besides descriptions of the 
breeds and their score-cards, bits of in- 
formation such as the following exam- 
ples: the percentage of herdbook cows 
which are on test, the average production 
of those, the fact that a special herdbook 
symbol for breeding ability is awarded 
to cows which calve six or more times 
within eight years, the fact that the aver- 
age number of calvings per cow during 
her life-time (in the Brown Swiss breed) 
is 4.56, and the numbers and the value of 
the production from each class of live- 
stock. All four breeds of cattle and all 
five main races of goats are native to 
Switzerland but some of the swine, sheep 
and horse breeds were introduced. Al- 
so included is some information about 
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for New York and Ohio, which give a 
comparison of rural and urban rates at 
different ages with reallocation of deaths 
by place of residence—the procedure to 
be followed in the future by the federal 
Division of Vital Statistics. The chap- 
ter on life table construction does not af- 
ford, as some may have hoped, a com- 
prehensive review of relative advantages 
and disadvantages of various short-cut 
methods of life table construction. This 
work is, nevertheless, surprisingly en- 
cyclopaedic. In fact, the reviewer knows 
of no other book in this field from which 
a reader can acquire so much valuable 
information per inch of text traversed 
and with such pleasure. 

FRANK LortMe_er. 


ANIMAL HUSBANDRY IN SWITZERLAND 


chickens, ducks, geese, turkeys, rabbits, 
fur bearing animals, fish, bees, and silk 
worms. 

Definitely organized pure breeding 
with registration machinery, etc., is of 
comparatively recent origin, but a high 
percentage of all livestock are purebred. 
The physical conditions of Swiss agri- 
culture are in many respects favorable 
to cooperation in animal breeding. Thus 
the practice of designating the regions 
in which only one breed shall be bred 
has gone farther than in the United 
States. There is many an interesting or 
odd fact such as, for example, that 13 
per cent of all registered cows of the 
Brown Swiss race are worked as draft 
animals during a part of the year, this 
proportion actually being above 50 per 
cent in the Cantons of Glarus and Grau- 
biinden. The photographs are unusually 
fine in quality and the large map show- 
ing the regional distribution of breeds 
and the places where the larger shows 
are held, is something that visitors in- 
terested in animal husbandry will prob- 
ably open many a time on a visit to 
Switzerland. 

Jay L. 
Iowa State College 


* Nutztierziichtung und Kulturrassen der 


Schweiz, by Dr. A. 
pictures + one large map, Huber & Co., Frauenfeld and Leipzig, 1934. 
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Maps of Salivary Chromosomes 


APS of the giant salivary chromosomes form the groundwork 
for much new research and are of great value as instructional 
material as well. The two maps published in the JourNat (in 

the December, 1934, and February, 1935, issues) are offered, unfolded, 

on heavy paper for mounting or framing, at the following prices: 
Painter’s cytogenetic map of the salivary chromosomes, 915 by 18 inches, line-cut 
showing major chromosome details and the genes 5 ny located to end of 1934— 


Same, on drawing paper 75 cents 


Bridges’ reference map of the banding of the salivary chromosomes, 91 by 24 
inches, halftone on heavy coated paper—unfolded—Postpaid $1.00 
Folded maps on lighter paper, in lots of six or more, each 35 cents 


Copies of Bridges’ map printed on drawing paper, may be drawn on with pencil or 
pen. (These show much less of the fine detail than the copies on coated paper, and are 
only recommended for use where it is desired to make notes and erasures = the 


AMERICAN GENETIC ASSOCIATION 


Victor Building Washington, D. C. 


ANNALS OF EUGENICS 


THE ONLY JOURNAL PRINCIPALLY DEVOTED TO 
STATISTICO-GENETIC STUDIES OF INHERITANCE 


Edited by R. A. Fisher 


(FOUNDED BY KARL PEARSON) 


The next issue, Volume VI, Part II, will contain ar- 
ticles by M. N. Karn, R. R. Kuczynsky, L. S. Penrose. 


Four parts per volume. Vol. V. contained 416 pages. 


SUBSCRIPTION PRICE 50/-PER VOL. 


Address Your Order To 


GALTON LABORATORY, 
University College, Gower Street, London, W. C. 1. 


| 
| 
— 
| 
| 
| ; 
3 


The American Genetic Association 


An incorporated organization devoted to promoting a knowledge 
of the laws of heredity and their application to the improvement of 
plants, animals, and human racial stocks. 
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